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A is the most essential element of life. Man can do without food, water and sleep 
for days. But air he must have a/ways. Q For 70 years Sturtevant has devoted its efforts 
to the vitally important task of air research and to the development of equipment to 
mechanically supply air in any desired quantity and condition. @ Today, many thou- 
sands of places are served by this equipment. They range in size from New York’s tower- 


ing 85-story Empire State Building to small single rooms. 


i < i 
B. F. Sturtevant Company, Hyde Park, Boston, Mass. SI U rievanl 
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LET THIS FINE RETURN LINE PUMP 
OPEN THE WAY TO BETTER HEATING 

















The way to economical heating is open 
wide to the owner of a Vapor Turbine Re- 
turn Line Vacuum Heating Pump. For this 
pump is not only economical in itself, but 
promotes new standards of economy in 
the system. 


In the first place this remarkable pump 
requires no electric current, eliminating im- 
mediately the one biggest expense item 
in the operation of an ordinary return line 
pump. This is because the motive power 
is a special turbine which operates on any 
system, above or below atmosphere. It 
costs little to run because the steam driving 
the turbine passes back to the heating 
system. None is wasted. 























The really important saving promoted by 
the Vapor Turbine is in the system itself, 
however, for this is the only heating pump 
that can operate continuously with econo- 
my. Continuous operation means absolutely 
uniform circulation, and every engineer 
knows that this ideal condition in the 
system means a big saving of steam. 


Just the mechanics of this pump make 
an interesting story. The one moving 
part, the absence of wearing parts, the 
elimination of interior lubrication, the com- 
pactness and simplicity, all are important 
to you. Bulletin 203, sent promptly on 


request, gives all the facts. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U. S.A. 
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otal Installed Air Conditioning 
onnage Increases 21% in 1934 


Figures for 13 cities show total installed tons 


of refrigeration for air conditioning increased 


during 1934 from 65,000 to 78,500 tons 


INETEEN THIRTY-FOUR was “an air condi- 
tioning year.” Installations of air conditioning 
systems last year (first six to eleven months— 
see table) in 13 cities’ increased total installed tonnage by 
21 per cent—in other words, 17% per cent of the ton- 
nage for air conditioning now installed in these cities 
went in to service just last year. Tons of refrigeration 
installed in all the years prior to 1934 amounted to 
64,841; 13,673 tons were installed in 1934, making the 
present total 78,514. Using a figure of approximately 
$500 per ton as the cost of a complete, installed air 
conditioning system, the 1934 installations made in 13 
cities alone would amount to nearly $7,000,000. 
Residential air conditioning with mechanical refrig- 
eration as yet amounts to a very small part of the total. 


1Atlanta, Baltimore, Birmingham, Boston, Chicago, Cincinnati, Cleve- 








land, Detroit, Kansas City, Manhattan, Nashville, New Orleans and 
Omaha. 
—_—-— Prior To 1934———-~ 
City No. Joss Tons He 
EE UD gncdecines se eren eke daar 19 2,560 3,852 
MEE ccs ceca sweetesneadaw en es 2,475 3,692 
Birmingham (Nov.) ids Wels ; 403 494 
Pi SEE” ccngnnexeded odode 6oewnete Rai 3,120 4,682 
Ce CURIE vcs ciccncee 379 20,267 35,210 
NN EP ee 75 2,780 4,161 
Cleveland (10/1) an wives ipa ein a 3,400 3,825>-¢ 
RE ee ia oe teieracinn 
NE ic bndinevecerenecesensbeee 121 7,250 10,889" 
I Bis dae k i hg, Kiba as wakes © 1 14 
Ethan oie awie Saiki a ake OS tee ele doen 9 61 
I EIN oo 8 Sue gio ee wae ne ei 2 101 = 
ee ER. re 96 1,668 2,493 
I. SCER: tip ek cobs clahewe ee dal 271 17,260 31,168 
ee PE 8 275 410 
NS’. eee 38 2,347 4,092 
Omaha (12/21) edtawe-neewa ee , 16 860 1,287 
| errr rs Tre ee awa 64,841 


“Compressor hp only. Estimated. ‘Does not include residential jobs 


included in compilation. 


Summary of Air Conditioning Installations in 13 Cities 


For 6 cities? for which the data are available the tonnage 
for residential jobs totals 212, as compared with 40,171 
tons for industrial and commercial installations. 

The number of 1934 air conditioning installations in 
all classes of buildings substantiates the belief of many 
that 1935 is to be even more of an air conditioning year. 
It has been pointed out before that one air conditioning 
system leads to another, a fact well proved in the theater 
and railway fields. Air conditioning, at first a business 
advantage, rapidly becomes a competitive necessity as 
more and more stores, buildings, restaurants and other 
businesses acquire installations. 

The data upon which the above conclusions are based 
(and which are summarized in the following para- 
graphs) have been obtained through the electrical util- 


“Atlanta, Birmingham, Chicago, Cincinnati, Detroit (mechanical com 


pressor jobs only), and Nashville. 





— —— 1934 - — —_ Present Toral — 
No. Joss Tons Hp No. Joss Tons He 
47 200 450 66 2,860 4,302 
604 1,165 1,750 nee 3,640 5,442 
° 64 103 - 467 597 
48 1,830 2,723 - 4,050 7,405 
228 4,970 5,845 607 25,237 41,055 
73 875 1,310 148 2,655 5,471 
600 675 4,000» 4,500» 
60 476 7148 181 7,726 11,603" 
1 167 oe6 2 181 
o* sen rT 9 61 
9 735 0% 11 836 
149 1,059 1,029 245 2,727 3,522 
71 782 1,278 342 18,042 32,446 
6 63 95 14° 738 505 
13 207 366 51 2,554 4,458 
38 380 567 54 1,240 1,854 
13,673 78,514 


totaling 20 hp. 
NOTE: Tonnage figures shown in italic are estimated on basis of 1.5 hp =1 ton. 


Dates after cities show part of 1934 
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ities in each of the cities; this cooperation is gratefully 
acknowledged. 

Baltimore—Over sixty installations were made in Baltimore 
between Jan, 1 and Sept. 1, 1934, the total horsepower put in 
service or contracted for being about 1,750 hp; this compares 
with a total of 3,692 hp for air conditioning at the end of 1933. 
Department stores (9 installations) lead with 753% hp; 11 the- 
ater jobs total 59544 hp; and 6 miscellaneous installations (beauty 
shop, meat market, drug stores, and candy or confectionery 
stores) total 126% hp. Six restaurants total 89% hp; 15 instal- 
lations classified under offices, clubs and institutions total 82 hp 
(mostly offices) ; while 5 specialty shops contribute 79 hp. Four 
residential installations total 3% hp, three of them each being 
Y% hp and the fourth 2 hp. To the above figures should be added 
several residential and office installations not reported. One of 
the department stores included in the above with an electrical 
load of 126 hp uses district steam service in addition to this 
power requirement. 

Boston—Forty-eight installations are reported for Boston dur- 
ing 1934 (to Dec. 1), and they represent a total horsepower of 
Total hp prior to 1934 was 4,682. Twenty-three of the 
installations are central type, 23 are unit, and of the other 2, one 
is a theater using 7 tons of ice daily and the other represents 
New York, New Haven & Hartford R. R. car cooling, using 600 
tons of ice per week. The unit type jobs represent a total of 
105% hp, and the central type 2,617%. One of these is a depart- 
ment store with 2,000 hp. The installations made in 1934 repre- 
sent also restaurants, hotel bars and grill rooms, a hotel office, 
beauty shops, retail stores, offices, doctors’ offices, banks, an au- 


was 
2,723. 


ditorium, a theater, and residential. 

Birmingham—Sixty-four tons of refrigeration are reported in- 
stalled during 1934 (to Nov.), 53 for stores and commercial, 8.5 
for offices, and 2.5 for residences. The store and commercial 
jobs represent a connected load of 76.7 hp; the offices 11 hp; and 
residential, 3 hp. Washed air systems for theater installations 
add 12 hp, making a total of 102.7 hp. Prior to 1934, there were 
403.5 tons and 494 hp (theaters, 275 tons and 270 hp; stores and 
commercial, 105 tons and 183 hp; offices, 4.5 tons and 6 hp; and 
residences 19 tons and 35 hp) which added to the ’34 jobs totals 
467.5 tons and 596.7 hp for air conditioning in this city. 

Chicago—During the first ten months of 1934, 228 installations 
were made, raising the total number of installations in Chicago 
proper from 379 to 607. The 1934 jobs represent 4,970 tons and 
5,845 hp; as 20,267 tons and 35,210 hp were represented by the 





— —Prior To 1934—— 


——, _ 
No. Joss Tons HP No. Joss 
cca ee ore a 5 741 1,206 3 
Brokers & Exchanges 6 490% 721 2 
Beauty Shops 1 4% 4 4 
Churches ..... 2 65 95 1 
Civic Bldgs. l 50 116% 0 
Clubs - 4 202 359 0 
Dance Halls 4 325 465 0 
Dentists : 2 1% 1% 2 
Drug Companies 2 32 56 5 
Hospitals 2 27 33 5 
0 ae 16 1,605% 3,282 6 
Industrial , 61 2,828% 5,767 17» 
Gen, Off. & Blidge. ie 27 3.258% 4,758% 24 
Private Offices : .. 60 100 131 49 
Residences ... et 26% 29 23 
Restaurants .. a . 68 1,361 2.113% 25. 
OR: 4 ke ewe _ one 9951 1,436% 22 
Studios, Radio .. fart nae 260 355 1 
Undertakers . sated me 26 60 5 
Theaters 68" 7,867 14,220 34! 
Tora. 379 20,267 35,210 228 


“Includes one 150-ton steam jet. 

»Includes one 250-ton, 300 hp car cooling installation. 

*Includes one 600-ton 300 hp. steam jet. 

“One job on central hotel refrigerating plant and 6 with no compressor. 


Summary of Air Conditioning Installations, Chicago 


January, 1935 


379 installations prior to 1934, air conditioning in Chicago as of 
Oct. 31 amounted to 25,237 tons and 41,055 hp. 

The largest 1934 tonnage was for theaters (1,385), 34 jobs 
being installed—20 with refrigeration and 14 being washed air 
systems. The next largest classification was general offices and 
buildings (1,037 tons), and third place goes to stores (957 tons). 
Twenty-three residential installations represented 3914 tons and 
43% hp. Seventeen industrial applications added 552 tons and 
768 hp. 

An accompanying table summarizes the number of installa- 
tions, tons of refrigeration, and horsepower for the installations 
prior to 1934, those made in 1934, and the total as of Oct. 31, 
1934, for various types of buildings. The large increase in ton- 
nage made during the past year is indicative of considerable activ- 
ity for 1935, as improved business conditions and the fact that 
“one air conditioning installation leads to another” should influ- 
ence even greater increases this year. 

Cincinnati—A total of 148 installations and 5,471.25 hp are re- 
ported (Sept. 19), 73 of which representing 1,309.75 hp were 
made in 1934. They are classified as follows: 


PRIOR TO 1934 1934 TOTAL 
NO. HP NO. HP NO. HP 
re ee re 14 27 25 35.25 39 62.25 
ee eS ca eae ee ® i8 54 25 127 43 181 
SE NL 66 cwe ctiee a 5 45.5 10 221 15 266.5 
Se CE okwc cence 2 405 2 640 4 1045 
PEE Gcwavceocen 12 250.5 4 49 16 299.5 
I id oie Sea ie 9 1637.5 3 177.5 12 1815 
Ds ctiecteactea 4 26 1 19 5 45 
Hotels 
(inc. restaurants).... 3 1321 — —— 3 1321 
Miscellaneous ......... 8 395 3 41 1l 436 
DD wiveedeannnd ss 75 4161.5 73 1309.75 148 5471.25 


Kansas City—The summary sheet for 1934 installations as of 
Nov. 23 shows a total of 149 jobs with a tonnage of 1,059'4 and 
1,029 total hp. A classification of all installations in Kansas City 
as of Nov. 23, 1934, which includes the 1934 jobs shows a grand 
total of 245 installations, a tonnage of 2,727!4, and a total horse- 
power of 3,52234. Previous to 1934 there were, therefore, 96 in- 
stallations with a total tonnage of 1,668 and a total hp of 2,493%. 

Philadelphia—A total of 131 installations were made to Aug. 
31, consisting of 82 commercial, 12 industrial, and 37 residential. 
The total connected horsepower for the 131 installations is 
2,188.8, of which 1,712.5 is for commercial buildings, 420 for in- 
dustrial, and 56.3 for residential. The commercial group includes 
5 apartments, 3.5 hp; 1 bank, 140 hp; 24 offices, 122 hp; 1 funeral 
parlor, 12 hp; 2 hospitals, 17 hp; 1 church, 6 hp; 1 museum, 10 








— 1934 —————__—_—__, —-— Tota -- ~ 
Tons HP No. Joss Tons HP 
172%8 46% 8 913% 1,252% 
35 41 s 525% 762 
37 63% 5 41% 67%4 
60 65 3 125 160 

0 0 1 50 116% 
0 0 4 202 359 
0 0 4 325 465 
2 2 4 38% 8Y% 
81 104% 7 113 160% 
8 8% 7 35 41% 
100 124 22 1,705% 3,406 
552 767% 78 3,380% 6,534% 
1,037¢ 926 51 4.295% 5,684 
114% 131% 109 214% 262% 
39% 43% 44 66 72% 
346% 44314 88 1,707% 2,557 
95634 1,137%4 49 1,952% 2.57414 
10 12 3 270 367 
32% e 42% 10 58% 102% 
1,385 1,886 1026 9,252 16,106 
4,969% 5,844%4 607 25,236% 41,054% 


eIncludes two on central refrigerating plant. 
‘Includes one with no compressor. 

868 with refrigeration, 34 washed air only. 
h48 with refrigeration, 20 washed air only. 
120 with refrigeration, 14 washed air only. 
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hp; 14 restaurants, 208 hp; 12 specialty stores, 513 hp; 1 theater, 
20 hp; 2 trains,*® 280 hp; 20 schools,* 381 hp. The industrial 
group comprises 3 candy manufacturers, 290 hp; 2 chemists, 9 
hp; 2 dairies, 26 hp; 1 printer, 1 hp; 1 storage, 30 hp; 1 cigar 
manufacturer, 12 hp; 1 textile, 22 hp; and 1 gold leaf manufac- 
turer, 30 hp. 

Pittsburgh—Fifty-six installations totaling 326 tons of refriger- 
ation and 415 hp were made during 1934. The only installation 
over 50 hp is a 60 ton job for the first floor of the Duquesne 
Light Company’s central office building. 
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Total connected air conditioning load and number of installa- 
tions for the territory served by the Oklahoma Gas and 
Electric Co. 


Northern California—In the territory served by the Pacific Gas 
and Electric Company, northern California, 79 residential instal- 
lations for the first nine months of 1934 are on record; they total 
39 hp in connected load. The 75 commercial and industrial in- 
stallations made during this period have a total connected load 
of 195 hp. 

Nashville—Six commercial installations during 1934 total 95 
hp and 8 jobs installed prior to 1934 total 410%4 hp (two are the- 
aters of 150 and 100 hp respectively). Thus the record shows 14 
commercial installations and 505% hp as of November, 1934. 
Residence installations made during 1933-34 represent an addi- 
tional 20 hp. The forecast for 1935 is 200 hp, probably averag- 
ing 10 hp per installation. 

Cleveland—During the first nine months of 1934, the air con- 
ditioning installations sold amounted to 600 tons and 675 hp. It 
is estimated that with the jobs prior to 1934 there are 4,000 tons 
of refrigeration for air conditioning and a total connected hp of 
4,500. Only 15 residential installations are reported for this city. 

Atlanta (and suburbs)—Sixty-six installations totalling 4,302 
hp are reported as of August 30, 47 of which totalling 450 hp 
were made in 1934. Four of the earlier jobs are theaters repre- 
senting some 1,700 hp, one a store with a connected load of 631 
hp, and one an industrial installation estimated as 1,500 hp. 
Twelve of the 66 installations (3 prior to 1934 and 9 during 1934) 
are residential and total 34 hp, the rest being commercial and in- 
dustrial and including theaters, offices, stores and shops, restau- 
rants, hotels, hospitals, etc. 

Omaha—Thirty-eight installations totalling 567 hp are reported 
as of Dec. 21; as there were 16 jobs and 1,287 hp prior to 1934, 


%Represents the half-hour demand on utility’s system by trains loading 
in two terminals. : ; : 
*Do not include mechanical refrigeration. 
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total number of installations in Omaha is 54 and the total hp 
1,854. Three of the theater installations prior to 1934 repre- 
sented 358, 440, and 348 hp which accounts for the discrepancy 
between the number of jobs and total hp for 1934 and for prior 
to 1934. 

New Orleans—There are 51 installations in New Orleans, 13 
of which were made during the first 6 months of 1934—4 small 
stores, 1 large store, 3 small offices, and 5 restaurants. The 1934 
jobs represent 366 hp and 207 tons. The 38 jobs prior to 1934 
represent 5 theaters (1,412 hp and 670 tons), 4 small stores (82 
hp and 35 tons), 5 large stores (1,885 hp and 1,140 tons), 1 large 
office building (516 hp and 350 tons), 3 large offices (31 hp and 
20 tons), 6 small offices (10 hp and 7 tons), 2 broadcasting stu- 
dios (24 hp and 11 tons), 1 brokers office (10 hp and 6 tons), 
1 hotel (103 hp and 100 tons), and 11 industrial jobs (19 hp and 
8 tons). Thus the total tons prior to 1934 was 2,347 and the 
total hp 4,092, which added to the 1934 figures result in 2,554 
tons and 4,458 hp now installed. 

Detroit—The tabulation below shows number of installations 
and hp prior to 1934 and installed during 1934; the hp figures 
given for the compressor installations are compressor hp and do 
not include fan and pump hp: 


Air Conditioning Installations, Detroit 
Compressor Installations 


Prior To 1934 — 1934 ~ 
No. HP No. HP 
Ge. ik esesien sda iakeires Mit fain % asda ladda 88% 12 99 
Office Buildings .............. oe 960 oi a 
I ok ca ccausbas ee 351 6 109 
a ee ere ichanae 15 2 25 
| eee - 722 l 20 
Ee ee Sie in Gi ses 54 12 18 
Ee ee 3,353 1 30 
ge A ae ee 10 1 120 
Furniture Stores ......... a | 12 , - 
Candy Stores .........; ; i... 26% 2 424 
Drug Stores .... oe ae as Ae 47% 2 9 
Jewelry Stores .......... regie a 17% 2 22% 
errr reer 2 2 
Clothing Stores ....... 3 18 s 96 
Miscellaneous Stores ..... ~ ' 1 20 
Electric Company Sales Offices. . 2 34 1 TY 
Radio Stations .... : 1 1% En 
Theaters ...... = d 16 3,670 | 45 
PST Cree 1 4 
Banks oy 3 600 
Stock Exchange .. | 50 
Broker’s Room 1 75 
Barber Shops .... 1 30 
Beauty Parlors .... 1 5 1 5 
Hospital ....... 1 60 
Laboratories ......... 2 53 
Drug Manufacturing 1 575 1 6 
Candy Manufacturing 1 1 1 84% 
POE 5 Jo thew eens < 1 20 
Undertaking Parlors Speman oa ae 9 2 25 
121 10,888% 60 714% 
Se ee Steam Jet Installations 
Prior To 1984 i 1934 — 
No. Tons No. Tons 
Restaurants Kawa aud achaerie » a 14 da < 
Hotels ... ian ore ee be 1 167 
1 14 1 167 
Ice Installations 
No. Tons No Tons 
Retail Stores ....... 4 30 
chic pHadées tediradelth 3 17 
Residences ...... — wis ic 6 
SS ee ey Pen ae, Se 1 8 
9 61 
Well Water Installations 
Prior To 1934 cc 1934 
No. Tons No. Tons 
Theaters 2 1 85 4 376 
Night Clubs . : a 16 ; 
PE SO ccsceenaaw ; wie 1 66 
ee are re ee eae 3 160 
Miscellaneous Stores .. ; / l 133 
2 101 9 735 








Michigan (except Detroit)—While the territory served by the 
Consumers Power Co. does not include the entire state, it is be- 
lieved that most of the Michigan air conditioning installations 
outside Detroit are in its territory. Records are available on 27 
installations made during 1934, and on 12 prior to Jan. 1, 1934. 
In the 1934 jobs are included the following : 


Office, Battle Creek: Unit coolers with central comp., 30 tons ref., 
1-15 hp and 1-10 hp comp. motors, 2-2 hp pump motors. 

Cafeteria, Battle Creek: Unit type, approx. 48,000 gal of 55 F water 
used per month, 4-100 watt fan motors. 

Theater, Flint: Central system, 55 gpm of water at 49 to 52 F used, 
30,000 cfm fan, 1-10 hp pump motor. 

Restaurant, Flint: Central system using 52 F water, 3,500 cfm fan, 
4% hp fan motor, 2 hp pump motor. 

Office, Flint: 3 units—central, using 52 F water; fans are 14,000, 4,000, 
and 16,000 cfm; 3-5 hp fan motors, 1-20 hp pump motor. 

Office, Grand Rapids: Central system, 6% tons, 2,750 cfm fan. 10 hp 
compressor motor, 4 hp fan motor. 

Office, Grand Rapids: Self-contained unit, 1 ton, 400 cfm fan, 1 hp 
compressor motor, 1/20 hp fan motor. 

Office, Grand Rapids: Same as above. 

Ready-to-wear fitting room, Grand Rapids: Unit, 4 ton, 1 hp com- 
pressor motor, 1/20 hp fan motor. 

Tea room, Grand Rapids: Central system, 75 gpm of 55 F well water, 
35,000 cfm fan (used for heating much larger area in winter), 25 hp 
fan motor, 5 hp pump motor. 

General offices, Grand Rapids: Central system, 30 gpm of 50 F water, 
6,000 cfm fan, 2 hp fan motor. 

Office, Grand Rapids: Central duct system, 50 gpm of 54 F water, 
6,500 (plus) cfm fan, 5 hp fan motor (load 3.5). 

Residence, Hastings: Central system using water as cooling medium. 

Residence, Hastings: Same as above. 

Residence, Hastings: Same as above. 

Bedroom, Jackson: Unit, 4% ton, 300 cfm fan, % hp compressor motor, 
1/100 hp pump motor. 

Restaurant, Jackson: Unit system, 24,000 Btu per hr, 5 hp compres- 
sor motor. 

Bedroom, Jackson: Unit, 44 ton, 300-400 cfm fan, 1 hp compressor 
motor, 1/30 hp fan motor. 

Office, Kalamazoo: Indirect unit using 25 gpm of 55 F water, 2,000 
cfm fan, % hp fan motor. 

Living and bed room, Kalamazoo: Self-contained unit, ™% 
sor motor, 


hp compres- 
Offices, Kalamazoo: Central type using 58 F water, 14,770 cfm fan, 
5 hp fan motor, 5 hp pump motor. 

Office, Muskegon: Self-contained unit, 1 ton, 500 cfm fan, 1 hp com- 
pressor motor, 1/10 hp fan motor. 

Bakery, Muskegon: Unit, 3.4 gpm of 55 F water, 3-speed fan—1,500 
to 3,200 cfm, % hp fan motor. 

Hotel cafeteria, Muskegon: Central, 6 tons per hr, 16 F entering brine 

40 F leaving, 2,650 four-speed fan, 1/6 hp fan motor. 
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Living room, dining room, and den, Pontiac: Unit with compressor in 
basement, 400 cfm fan, 1% hp compressor motor, 1/20 hp fan motor. 

Office and drafting room, Pontiac: Duct distribution, 42 gpm of 56 F 
water, 6,000 cfm fan, 2 hp fan motor. 

Office, Saginaw: Unit, “% ton compressor, 400 cfm fan, 1 hp com- 
pressor motor, 1/30 hp fan motor. 

New York City (Manhattan only)—Seventy-one installations 
were made in 1934 to Sept. 1, totalling 782 tons and 1,278 hp, 
and 3,770,240 cu ft of air conditioned space. These figures com- 
pare with 271 installations prior to 1934, 17,260 tons, 31,168 hp, 
and 102,197,800 cu ft of conditioned space. The 1934 jobs include 
2 banks (one a steam jet job), 1 beauty parlor, 2 hotels, 3 indus- 
trial, 25 offices, 5 residences, 17 restaurants, 7 stores, 1 radio stu- 
dio, 2 theaters (one ice) and 6 miscellaneous. The restaurant 
installations account for 343 tons and 462 hp, and the offices for 
291 tons and 560 hp, while at the other extreme are residences, 
the five installations accounting for 7 tons and 8 hp. Prior to 
1934 there were 9 bank installations, 3 beauty parlors, 3 clubs, 
3 doctors and dentists, 1 drug store, 2 hospitals, 18 hotels, 7 in- 
dustrial, 80 offices, 15 residences, 53 restaurants, 21 stores, 3 
radio studios, 43 theaters (of which 6 are water and 2 ice), and 
10 miscellaneous. 

Oklahoma and Arkansas—For the territory served by the Ok- 
lahoma Gas and Electric Company, which includes some 230 
cities and towns in Oklahoma and Arkansas, 48 installations with 
mechanical refrigeration and 15 without mechanical refrigera- 
tion are reported for 1934 (to Nov. 15). The horsepower for 
the mechanical refrigeration jobs totals 350 and for the 15 evapo- 
rative cooling jobs, it is 133.5 hp. Thus there were a total of 
63 installations in 1934 representing 483.5 hp. Previous to 1934 
there were 28 mechanical refrigeration installations with 1,242.56 
hp, 68 evaporative cooling installations with 833.75 hp—a total of 
96 installations with 2,076.31 hp. A number of air conditioners 
which were in operation during the season are not included in 
the 1934 figures, either because they are to be replaced next year 
by larger equipment, the user moved to a new location, or de- 
cided not to buy. Several conditioners were sold but not in- 
stalled because of a city water shortage which made it impossible 
to secure cooling water. 

The trend in the number of installations and total horsepower 
in this territory as shown in an accompanying graph—and par- 
ticularly the increases during 1934—lead to the conclusion that 
1935 will offer an outstanding opportunity for the installation of 
air conditioning equipment. 





Guests Like Comfort of Cooled 


Rooms, 


‘es EK LIKE it and will tell our friends; it 
should bring much business to you”—this 
statement summarizes the reaction of guests 

of the Hotel Statler, Detroit, to the comfort cooling 
systems installed last summer for 29 guest rooms and 
for public spaces. The 151 favorable comments made 
to floor clerks, assistant managers and others coming 
in contact with guests included: 


SE RR en ee eed waaenan ee al 93 
Rooms most comfortable of any ever experienced...... 20 
ee ON HENNE © GUE gos ina cs va-ccncscawcvegecneck 14 
I IS anemia ea 4 
IS BEE te ny: gi, Cea ae eee 1 
Stopped at Statler because of air conditioning......... 4 
I ENG sein arn koa iema Gate ciaedes s¥asv es 2 
Liked comfort of dining and ball-rooms.............. 13 


The comparatively few unfavorable comments, most 
of them made soon after the installation and before the 
conditions complained of were corrected, included “sys- 


Detroit Statler Finds 


tem not working,” “too noisy,” “not as much air flow 
as expected,” “caught cold,” “too stuffy,” “too much 
difference between corridor and room temperature,” etc. 

During June, July, and August of last summer the 
room count increased 17 per cent and the number served 
in the dining rooms increased 241% per cent over the 
previous three year average. While it would be diffi- 
cult to say what part of the increase can be attributed 
to the air conditioning, the comparable figures for the 
company’s Buffalo hotel are a decrease of 14 per cent 
in room count and an increase of 18.8 per cent in 
number of guests served in the dining room, and for 
the Hotel Statler in Cleveland, a decrease of 25.4 per 
cent in room count and 5.1 per cent in guests served. 

Cost of operation (coal, current and water) of the 
air conditioning system was $844.50 for. ten days in 
June, $1,547.90 for July, and $1,594.55 for August; 
total, $3,986.95. The refrigeration equipment is the 
steam jet type. 








DESIGN OF MODERN INDUSTRIAL 


PIPING SYSTEMS —— the Flow of Fluids 


By F. L. Snyder* 


URING the past few years we have found that 
certain fluid flow formulas based on the volume 
of the fluid without considering its viscosity at 

operating temperature are inaccurate. The continued 
use of these formulas has not only resulted in the un- 
economical use of pipe materials, but large power waste 
as well. In many instances initial installations that had 
been designed for future capacities were found to be 
insufficient when operated at the design capacity, while 
other installations could care for ultimate capacities 
greater than provided for by the original design. In- 
vestigation determined that in many cases these inaccu- 
racies existed where the formula used was not corrected 
for the viscosity of the fluid. Other cases proved that 
the designer, although determining the proper size of the 
pipe, did not consider the pipe bends in the system as 
increasing the pressure loss through the line, assuming 
that a long sweep bend of about five pipe diameters or 
more did not increase the pressure loss, but that a weld- 
ing fitting having a radius of 1.5 pipe diameters created 
a pressure loss equal to that of a standard screw or 
flanged type elbow. Experiments have disproved this 
theory. 

These conditions prompted the author to investigate 
fluid flow formulas, and pressure losses through elbows 
and pipe bends. Therefore, the following data, sub- 
stantiated by laboratory experiments which have been 
checked with actual operating conditions, are compiled. 
These data are primarily to assist the designer to con- 
struct more efficient pipe systems, yet reduce and sim- 
plify the effort required for-such design in that all infor- 
mation pertinent to design of pipe, valves, fittings, etc., 
is combined. These data have been in constant daily 
use for the past four years and have not only given 
accurate results, but substantial savings have been gained 
through the economical use of pipe materials and the 
reduction of power waste. While laboratory experiments 
were made primarily to determine the authenticity of 
certain fluid flow formulas, the experiments made under 
actual operating conditions substantiate the fact that the 
fundamental Fanning formula is more nearly correct than 
others now used. This formula may be written in differ- 
ent forms, depending on the units employed. The fol- 
lowing are typical: 

Ap = 0.322LfSu?/D 
Ap = 0.00517Lfwu?/D 
Ap = 13.4Lfm?/wD* 
Ap = 13.4LfwQ?/D* 

The Fanning formula is based on the density at work- 

ing temperature, which affects the viscosity of the fluid. 


*Engineering Department, E. I. du Pont de Nemours & Co., Wilming- 
ton, Del, 





While the viscosity of water is little affected by a rise 
or fall in temperature, the viscosity of some fluids, such 
as oils, often varies through a wide range with a com- 
paratively small rise or fall in the temperature. There- 
fore, the viscosity of the fluid at the extreme working 
temperature must be known. In many instances viscosi- 
ties are referred to as Saybolt Universal, Engler, or 
Redwood time seconds. It is therefore necessary to 
convert these measurements into the common unit kine- 
matic viscosity, which in turn is expressed in centipoise 
units Z, which varies as the specific gravity of the fluid. 
To simplify this conversion “Viscosity Conversion Chart 
No. 7” was constructed with formulas of W. H. Her- 
schel ( National Bureau of Standards technological papers 
No. 100 and No. 112). Assuming the fluid has a Say- 
bolt Universal viscosity of 1,000 time seconds and that 
the specific gravity is 1; refer to “1,000 time seconds” 
on the Saybolt Universal viscosity scale and read directly 
opposite the kinematic viscosity “2.2.” To convert kine- 
matic viscosity to centipoise units multiply by 100 times 
the specific gravity or 2.2 « 100 K 1 = 220 centipoises. 
Viscosity is also affected by extremely high pressures, 
but is little affected by pressure ordinarily used in com- 
mercial practice. 

The value of the friction factor f in the Fanning form- 
ula is dependent on the Reynolds number and expressed 
as f=m/ZD.,. This equation when plotted against the 
Reynolds number forming a friction factor curve shows 
three definite breaks, the first occurs in the viscous or 
streamline flow region having a value of f up to 0.14; 
the second occurs in the turbulent flow region where f 
is greater than 0.14 and less than 27 and the third occurs 
in the turbulent flow region where f is 27 or greater. 











Because of inaccuracies in certain fluid flow 
formulas which have resulted in uneconomical 
design of industrial piping systems, the author 
investigated.....substantiated his findings by 
laboratory experiments ..... checked them 
under actual operating conditions.....presents 
his results here. This information has been 
in constant daily use, has led to accurate 
results, made possible substantial savings 
in economical use of pipe materials and in 


reduction of power waste. 
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Throughout this article the following symbols are used: 
At = Pressure drop in lb per sq in. 
Abe = Pressure drop in lb per sq in. due to increase in diameter of the 
line carrying the fluid. 
Abe = Pressure drop in lb per sq in. due to decrease in diameter of the 
line carrying the fluid. 
Abr = Pressure drop in pipe coils, lb per sq in. per ft of pipe. 
f = Friction factor dependent on Reynolds number m/ZD. 
f, = Roughness multiplication factor. 
fe = Constant determined with Chart No. 6. 
L = Length of pipe, ft. 
D = Inside diameter of pipe, inches. 
Re = Radius of pipe coils, inches. 
a = Inside area of pipe transverse section, sq ft. 
S = Specific gravity referred to water = 1. 
“u = Velocity in feet per second at density w. 
w = Density in lb per cu ft at arithmetic mean pressure equals 62.4 
times S. 
M = Thousands of lb per hr per sq ft of pipe transverse section area. 
m = Thousands of Ib per hr. 














Q = Thousands of cu ft per hr at density w. 


k = Kinematic viscosity. 
Z = Viscosity in centipoise units. 
g = Acceleration of gravity = 32.16. 
SU = Saybolt Universal time, seconds. 
E = Engler time, seconds. 
Rw = Redwoed time, seconds. 
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Where stream line flow is encountered, Poiseuille’s 
formula is applicable: 

A p = 0.000668LfZu/D* 
Ap = 0.034L4Zm/wD"* 

The majority of pressure drop problems, however, 
occur in the turbulent region of the friction factor curve, 
and in order to simplify the computation necessary for 
pipe size design, nomographic charts Nos. 1 to 4, based 
on the Fanning formula, have been constructed. Charts 
Nos. 1 and 2 are for liquids, Charts Nos. 3 and 4 for 
gases. The use of the charts is explained below. 

Since the Fanning formula is based on new steel pipe, 
it must be supported by the roughness multiplication 
factor f,. After a pipe line has been in service for any 
length of time the inside surface of the wall may undergo 
a mechanical change caused by erosion or corrosion, 
which increases the friction, incidentally increasing the 
pressure drop. If the pipe is made of corrosive or 
erosive resistant materials this factor need not be con- 
sidered. It is suggested that consideration be given thin 
wall pipe made of corrosive resisting alloy and installed 
with welded joints. In many instances the pressure at 
which the fluid is flowing is not in proportion to the 
pipe wall thickness due to the present-day pipe stand- 
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CHART N82 L/IQUIDS 
PRESSURE DROP THRU PIPES 
VALID FOR REYNOLDS NUMBERS GREATER THAN 27="/z0 


Ns 


ards, which include a thread depth safety factor. This 
may result in the justification of a thin wall or lined 
pipe. 

Experiments on pipe that have been in service a num- 
ber of years resulted in the use of the roughness mul- 
tiplication factor f, by Hazen-Williams. Therefore, the 
pressure drop as determined with the nomographic charts 
or formulas should be multiplied by any of the following 
factors: 


CONDITION OF THE PiPt 


Smooth, brass, copper or lead pipe..........6.6605: 0.90 


New steel, cast iron or corrosion resisting pipe....... so Ee 
Smooth wooden or good concrete lined pipe......... 1,20 
Old cast iron or new riveted steel pipe........... : — er 1,40 
Ge SN a ion 50s'nch pce sacscirinceniath& scotéansere 1.60 


seeees 2.00 


Old riveted steel pipe............ 
OEY CPROPONANRE BIRR. oo soon ce cscs ccvcecces ‘ . 2.50 


General use (a good safety factor for ordinary conditions).......... 1.20 


It has been determined that the ideal radius of a bend 
so far as pressure drop is concerned is between 2.5 and 
3 pipe diameters and that the pressure drop increases as 
the radius of the bend is increased or decreased from 
this value. As the radius increases above three pipe 
diameters, the pressure drop increases, due (apparently ) 
to the time factor of turbulence in making the direction 
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change and is almost constant as the radius increases up 
to a certain point. In bends up to R / D = 5 the pres- 
sure drop increases. How far beyond this radius the 
curve rises was not determined. Of course, it is obvious 
that the larger the radius of the bend, or as the curve 
approaches a straight line, the lower the pressure drop. 
At what radius the curve starts downward was not de- 
termined because the largest bend available for test was 
one having a radius of five pipe diameters. When the 
radius of the bend is smaller than three pipe diameters, 
the pressure drop is caused by shock which increases 
turbulence in the connecting pipe immediately following 
the bend. 

Figs. I, II, and III, shown on Plate I portray the 
above discussion. Fig. I represents a bend with a radius 
of 1.5 or 5 pipe diameters and shows the turbulent con- 
dition of the fluid from the point of curve, to a point 
in the connecting pipe at which the pressure drop is no 
longer influenced by the bend. In the case of the bend 


with a radius of 5 pipe diameters this condition is due 
to the distance between the points of curve and tangent 
and is referred to as the time factor of turbulence. The 
bend with a radius of 1.5 pipe diameters has a more 
abrupt direction change, causing sufficient shock to in- 
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crease turbulence in the connecting pipe beyond the 
point of that in the case of the 5 pipe diameter bend, 
which balances the time factor of turbulence in the 
two cases. This applies to Fig. III, which has an ex- 
tremely abrupt direction change, prolonging the time 
factor of turbulence in the connecting pipe. Fig. II is 
formed to a radius which reduces shock, as compared to 
the 1.5 pipe diameter bend in Fig. I and the time factor 
of turbulence is of shorter duration as compared to the 
5 pipe diameter bend. As the curvature of the bend 
approaches a straight line the intensity of the turbu- 
lence caused in making the direction change is reduced 
to where only the friction of the fluid on the pipe walls 
has any bearing on the pressure drop, therefore should 
be considered as straight pipe, corrected for any irregu- 
larities in the pipe wall created by corrosion or erosion. 

While no actual tests were made on 45 or 180 deg 
bends, sufficient data were obtained from which multiply- 
ing factors were determined and which can be used with 
an assurance of accuracy. In the case of the 45 deg bend 
multiply the pressure loss value of a 90 deg bend by 
0.64 and for a 180 deg bend by 1.34. 

Contraction and expansion losses, through reducers, 
into branch lines or receivers of different kinds, may be 
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CHART N94 GASES 
PRESSURE DROP THRU PIPES 
D VAL/D FOR REYNOLDS NUMBERS GREATER THAN 27+ "Yz0 
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determined by the following formulas: 
Abe = w(u—t )*/144 & 2g 
Abe = Kwu’,/144 X 2g 
K = 0.4[ (1.25 — (a:/a)] when a;/a is less than 0.715. 
K = 0.75[(1— (a:/a)] when a/a is greater than 0.715. 

Chart No. 6 gives the friction multiplication factor f, 
for determining the pressure loss through pipe coils, the 
equation of which is expressed as: 

Apr = frzAp 
in which : 

Ap = Pressure drop in straight pipe, lb per sq in. per ft of pipe 
as determined by Charts Nos. 1, 2, 3 or 4 or by Poi- 
seuille’s formula. 

The result of this equation should be multiplied by the 
roughness factor as given above. 

In the absence of any authentic information regarding 
the pressure drop through gate, globe, angle or check 
valves, it is suggested that the equivalent length of 
straight pipe expressed in pipe diameters as shown in 
the following table be used. 


VALVES Pire DIAMETERS 
BN! Ben dink we eas sted dean wee deemadia wees cae 5* 
DE “Goa wede cere etal secav aubbus beeateecad 100 
Res BS WVOB. soc ke cicnins - ean as ae a ee 
ee Ie SRN ok nied iv em evan eae Nase aa 
OE nced eae ei ws oy 8). sed Fe . 65 
Tilting disc check...... SC aeumaiians meddle . 25 


*Mark’s Handbook, 2nd Edition, p. 278. 





How to Use Charts Nos. 1 and 2 


With water flowing at 500 gpm having a temperature 
of 150 F, velocity not exceeding 5.57 ft per sec. Deter- 
mine the size of the pipe and the pressure drop in lb 
per sq in. per ft of pipe. Refer to Chart No. 1. Con- 
vert known values to correspond to those values shown 
on the chart: 

1. The weight of water at 150 F is 61.18 lb per cu ft. Now 
convert 500 gpm to thousands of lb per hr. 500 gpm = 500 x 60 
X< 61.18 divided by 7.48 = 245.5 thousands of pounds per hr on 
m scale. 

2. Transpose velocity in ft per sec to Mass Velocity M. 
M = 5.57 X 3600 * 61.18 = 1227 thousands of lb per hr per 
sq ft of pipe transverse section on M scale. 

3. Connect 245.5 on m scale with 1227 on M scale along line 

X —X reading on D scale at point of intersection the nearest 
nominal pipe size, which in this case is 6 in. 

4. Connect 150 F on temperature scale to reference point |’- 
water along line Z-Z, reading on Z scale at the point of intersec- 
tion the viscosity of the water in centipoises, which is 0.4. 

5. Now calculate the Reynolds number m/ZD to determine 
which chart to use. m/ZD = 245.5/0.4 * 6 =102.25. This value 
of Reynolds number 102.25 indicates that the flow occurs in the 
turbulent flow region where the Reynolds number is greater than 
27, which necessitates the use of Chart No. 2. Referring to Chart 
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SOMVALENT LENGTH OF STRAIGHT PUPE EXPRESSED IM PUPE DIAMETERS 
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To determine the equivalent length of straight pipe in 45 deg 

bends, mattigny the value of a 90 deg bend by 0.64 and by 1.34 for a 180 


Note: 


deg bend. 
Se radius of a single weld mitre elbow is assumed to be zero. 


No. 2, connect the values m = 245.5 and M = 1227 intersecting 
D scale and reference line A along line X-X. Connect 150 F on 
the temperature scale to reference point R-water, intersecting 
reference line B along the Y-Y line. Connect points X and Y 
on reference lines A and B intersecting the 4p or pressure drop 


scale at 0.0075, This value is the pressure drop in lb per sq in. 
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per ft of pipe and should be multiplied by the roughness factor 
fi, which for general use is 1.2. 
sure drop will be 0.0075 1.2 = 0.009 lb per sq in. per ft of pipe. 


Therefore, the corrected pres- 


How to Use Charts Nos. 3 and 4 


With steam flowing at 500,000 Ib per hr, at an abso- 
lute pressure of 250 lb per sq in. and temperature in- 
cluding superheat of 500 F; velocity not to exceed 100 
ft per sec. 
in lb per sq in. per ft of pipe. Refer to Chart No. 3. 


Determine the pipe size and pressure drop 
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VISCOSITY CONVERSION CHART 








TWE FOLLOWING FORMULAS USED 
BY THE UNITED STATES BUREAU S 


GAYBOLT UNIVERSAL VISCOSITY: 


A = KINEMATIC VISCOS/TY 
SU = SAYBOLT TIME SECONDS 

E = ENGLER TIME SECONDS 
Rw = REOWOOD TIME SECONDS 
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CONVERTING BAUME DEGREES INTO SPECIFIC GRAVITY 
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Convert known values to correspond to values on the 
chart : 


1. The weight of the steam being given is referred to as 500 
thousands of lb per hr on m scale. 

2. Transpose velocity in ft per sec to Mass Velocity M. The 
weight of the steam in this case is 0.496 lb per cu ft, then M = 
100 X 3600 * 0.496 = 178.5 thousands of lb on M scale. 

3. Connect 500 on m scale with 178.5 on M scale along line 
X-X reading on D scale at the point of intersection the nearest 
nominal pipe size, which in this case is 24 in, 

4. Connect 500 F on the temperature scale to reference point 
V-steam along line Z-Z, reading on Z scale at the point of inter- 
section the viscosity of the steam in centipoises, which is 0.0181. 

5. Now calculate the Reynolds number m/ZD to determine 
which chart to use. The inside diameter of a 24 in. pipe used for 
250 Ib steam is 22.626 in., then m/ZD = 500/0.0181 22.626 = 
1151. This value of Reynolds number 1151, indicates that the flow 
occurs in the turbulent region where m/ZD is greater than 27. 
This necessitates the use of Chart No. 4. Refer to Chart No. 4. 
Connect the values m = 500 and M = 178.5 intersecting D scale 
and reference line A along line X-X. Connect 500 F on the 
temperature scale to reference point R-steam, intersecting refer- 
ence line B along the Y-Y line. Connect points X and Y on 
reference lines A and B intersecting the Ap or pressure drop 
scale at 0.115. This is the pressure drop in lb per sq in. per ft 
of pipe at atmospheric pressure and should be multiplied by the 
roughness multiplication factor f:, which for general use is 1.2. 
Since the pressure drop is given in lb per sq in. at atmospheric 
pressure and as the pressure of the fluid increases, the pressure 
drop decreases, it is necessary to correct it for the higher pres- 
sure, which in this case is 250 lb per sq in. absolute. The same 
equation may be used in making the roughness factor correction. 
Then, the final pressure drop equals atmospheric pressure multi- 
plied by the pressure drop times the roughness factor divided by 
the working pressure, or 14.7 X 0.115 X 1.2/250 = 0.00812 Ib per 
sq in. per ft of pipe. If gage pressure were used then the equa- 
tion would read 14.7 X 0.115 1.2 divided by 14.7 + 250. 


Chart No. 5 is used to convert 90 deg bends into addi- 
tional straight pipe and arranged to relate its use with 
Charts Nos. 1, 2, 3, and 4. The pressure drop in a 90 
deg bend is obviously greater than that in straight pipe 
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of equal linear length and varies with the radius of the 
bend. Although this loss is not constant in different pipe 
sizes and bend radii, it is so nearly so that this chart is 
plotted along the line of mean average. As an example 
wherein the use of the chart will simplify pipe design, 
consider the pressure drop expressed in additional 
straight pipe through a 6 in. dia. 90 deg bend having a 
radius of 1.5 pipe diameters. Referring to the 1.5 = 
R/D line on the chart and following this line vertically 
to the point of intersection on the curve, then straight 
across to the left, read 12.3 pipe diameters; this value 
multiplied by the diameter of the pipe, divided by 12 or 
12.3 X 6/12 = 6.15 ft of additional straight pipe. Ifa 
pipe line has 50 ft of straight pipe and one 90 deg bend 
having a radius R /D=1.5 and the pressure drop is 
0.009 Ib per sq in. per ft of straight pipe (see above) 
then the total drop including the bend would be 
(50 + 6.15) « 0.009 = 0.5054 Ib per sq in. If the 
pressure drop expressed in additional straight pipe for a 
6 in. dia. 90 deg bend is 6.15 ft, then for a 6 in. dia 
45 deg bend having the same radius multiply 6.15 by 
0.64 and for a 180 deg bend multiply by 1.34. 


How to Use Chart No. 6 


Find the pressure drop in lb per sq in. per ft of pipe 
in a pipe coil having a radius of 60 in. and fabricated 
from 6 in. dia. pipe in which 500 gpm of water flows 
at a temperature of 150 F. From-above, it is found 
that the pressure drop in a 6 in dia. straight pipe with 
water flowing at 500 gpm is 0.009 Ib per sq in. per ft 
of pipe. Now calculate the ratio of pipe diameter to 
the radius of the coil. In this case the ratio 6 / 60 = 0.1. 
Referring to the 0.1 line on the chart and following this 
line vertically to the point of intersection on the curve 
and then straight across to the left read 1.3, which is the 
value of the constant f,. Now calculate the pressure drop 
in the coil with the equation Ap, = f,Ap or Ap, 
=1.30.009=0.0117 Ib per sq in. per ft of pipe. 





Chilled Water Pump Installation 


for Steam Jet Jobs Requires Care 


By J. J. Hayes* 


NE application of pumps to air conditioning which 
requires care in installation for satisfactory opera- 

tion is the removal of chilled water from the evaporator 
chamber of a steam jet refrigerating system. The chilled 
water pump on a system of this kind is removing water 
from a chamber under high vacuum—29.75 in. for 40 F 
water, for instance. The water would flash in the rotor 
of the pump because of lowering of pressure by the 
pump suction if the proper practices were not observed. 
The water line in the evaporator or flash tank must 
be a certain height above the pump inlet, usually from 
4 to 5 ft. The piping should be of ample size and as 
straight as possible to reduce friction loss to the mini- 
mum—in other words, the pump should be given as 
favorable conditions as possible to do its job. The pump 





*Stannard Power Equipment Company, Chicago. 


should have a water-sealed stuffing box, equalizing con- 
nections from the eye of the rotor, and from the top of 
the volute back to the evaporator tank to vent any air 
liberated in the pump. A needle valve in these lines 
permits adjustment. 

Trouble with a recent steam jet installation stressed 
the importance of these precautions. The chilled water 
pump failed to work properly. It was found that the 
suction piping had a number of unnecessary elbows, and 
that there was no equalizing connection. The existing 
pump—which would probably have worked satisfactorily 
if it had been installed correctly—was replaced with one 
having tight shaft seals, the suction piping was made 
larger and straighter, and an equalizing connection as 
described was installed, all of which corrected the diffi- 
culty. 
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AIR CONDITIONING 
RESCUES INDUSTRY 


FROM THE WEATHER 


HE Waverly Press, Baltimore, Md., nationally 

known printers of fine technical books and medical 

literature, realized the desirability of year-’round 
humidity control in their plant. Winter control of hu- 
midity had been provided for several years, but difficulty 
in producing precision printing was still experienced in 
summer. The condition of the paper, which changed 
with changes of humidity, had some bearing on the prob- 
lem, but the principal difficulty was caused by variation 
in thickness of the cherry-wood blocks on which the 
metal plates are mounted prior to their being placed in 


the presses. These wood blocks, because of their hygro- 





Fig. 1—Results of investigation to determine 


effect of varying air temperatures and 
humidities on the thickness of the wood 
blocks on which the printing plates are 
mounted. A special instrument was devel- 
oped in order to take these _ readings 


scopic nature, contract and expand with changes of at- 
mospheric conditions, making it extremely difficult to 
maintain the precision desired. 


Behavior of Wood Blocks Studied 


sefore designing the humidity control system, it was 
necessary to study the exact behavior of the wood blocks 
with varying air temperatures and humidities. These 
tests, naturally had to cover a period long enough to in- 
clude all seasonal changes in weather and necessitated 
the use of equipment not available in general test work. 

H. H. Tunis, Research Engineer of the Press, devised 
an instrument which for want of an established name 
was called a “Hygro-Xylometer.”* In order to check the 





if rom the Greek “Hygros” meaning “water” and prefix “Xylo” mean- 
ing “wood.” The meaning is therefore a meter for measuring the water 
content of the wood. 
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effect of the air on the blocks, hygro-xylometer readings 
were taken regularly in the composing room and in the 
press room. The instrument consisted of a cherry-wood 
block so connected to a dial indicator that variations in 
a wood block 0.853 in. thick could be measured in hun- 
dred-thousandths of an inch. The results of these in- 
vestigations are plotted in Fig. 1. In plotting these final 
results, it was necessary to take into consideration the 
time of exposure, as it was determined that the time 
element was a factor in changes of block thickness. Oc- 
casionally, there was a lag of many hours before the 
blocks came to their equilibrium thickness in response 
to a change in humidity or temperature. 

An inspection of the curves in Fig. 1 discloses the 
rather interesting result that the absolute humidity must 
be increased slightly as the temperature increases to 
secure uniform block thickness. In other words, when 
the temperature increases, the consequent drop in rela- 
tive humidity tends to dehydrate and shrink the wood. 
On the other hand, constant relative humidity with in- 
creasing temperature tends to increase the size of the 
blocks. Consequently, the condition required for con- 
stant block thickness is a compromise between constant 
absolute and constant relative humidities with changes 
in temperature. 


Adsorption Type of Air Conditioning System 


The next step was the selection of the system of hu- 
midity control to produce the conditions required. Cal- 
culations were made and estimates were prepared using 
several methods of producing the desired conditions. 
The adsorption method is well suited to humidity con- 
trol and the comparison of the several methods indicated 
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Fig. 2—Schematic diagram showing air flow through the 
air conditioning equipment. The various items shown are 
in approximately their respective positions, as illustrated 
in the view of the completed installation, Fig. 4 
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that this was the most economical to employ for this 
particular job. 

The composing room, as well as the press room, is air 
conditioned, because the wooden blocks must be seasoned 
for many days before use. The blocks must be kept 
in the same atmospheric condition during this period as 
when they are in storage or in use on the presses. 

The total volume of the conditioned spaces is 134,000 


"a ‘ ‘ , By Bayard P. Fonda* 
Air conditioning has come to the rescue of 
many an industrial process, preventing lost 
time, spoilage of the product, high produc. 
tion costs. The problem of variable humidi- 


ties in printing plants—as an example — 


cu ft. Humidity control is provided by a silica gel de- 
humidifier which treats 4,000 cfm of fresh air. This 
equipment removes approximately 65 per cent of the 
moisture from this air, after which the air is cooled and 
delivered to the various conditioned spaces. Cooling of 
the dehydrated air is accomplished by indirect surface 
coolers, using city water at a temperature of 72 F. No 
further cooling is required, but a total of 15,000 cfm of 
air is recirculated locally in the rooms to secure the de- 
sired ventilation. Since the thermal capacity of the 
building is large, the inside temperature rarely exceeds 
88 F regardless of outside extremes. An absolute hu- 
midity of 72 grains per pound of dry air is provided, 
and this corresponds approximately to a relative hu- 
midity of 40 per cent at a temperature of 85 F. 


Dehumidifier of Novel Design 


The dehumidifier, of novel design, is the continuous 
rotary type. Reactivation of the silica gel takes place in 


*The author was air conditioning consultant for the Waverly Press at 
the time this installation was made and designed the unit herein described; 
he is now connected with The Bryant Heater Company as air conditioning 
engineer. 
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one sector of the rotor, through which a stream of 
heated air is drawn by the activation fan. The effluent 
moisture-laden air is discharged to atmosphere. In an- 
other sector of the rotor, simultaneously with the above 
operation, fresh air is being dehydrated by the silica gel. 
Subsequently, this air is cooled by tap water (as ex- 
plained before) and fed into two main dry air supply 
ducts. The rotation of the adsorber or container for 


has been grappled with for years, as it means 
lost time, imperfect impressions, sometimes 
a shut-down.......This article describes an 
unusual air conditioning system installed 
by The Waverly Press for control of air 


conditions in summer as well as in winter 


the silica gel beds which has a circumferential drive, con- 
tinuously feeds beds of reactivated gel into the adsorb- 
ing sector and saturated gel into the reactivating sector. 
This results in continuous operation when and as needed. 
Fig. 2 is a schematic diagram of the air flow through 
the equipment. Fig. 3 shows the dehumidifier com- 
pletely constructed in the shop before it was installed, 
and Fig. 4 shows the completed installation. 

To the right in Fig. 4, is seen the gas-fired activation 
furnace which heats the air to the temperature necessary 
to drive the moisture from the saturated silica gel. In 
the center is the slowly rotating gel bed container, with 
the fresh air ducts and activation air ducts above it. The 
dried air leaves the container from the lower side and is 
conducted to the upper left where it passes through the 
indirect cooler, already described. 
and mounted on the wall are the damper motors which 
govern the operation of the distribution dampers. 

The maximum hourly. operating quantities which 
would be required for continuous operation of the de- 
hydrator are 900 cu ft of gas at 500 Btu per cu ft, 4 

(Continued on page 16) 


J ust below the cooler 





Fig. 3—The dehumidifier, completely constructed 
in the shop before it was installed on the job 


Fig. 4—The dehumidifier installed 
at the plant of The Waverly Press, 








Consulting Engineer Tells How to Improve 


THEATER AIR CONDITIONING 


URING thirty-five years of theater ventilation 
work the writer has seen remarkable changes 
in theater design, construction and equipment— 
from the theater having orchestra, balcony and gallery, 
with many posts or hangers (the gallery having a 
terrific pitch and benches), to the theater having a huge 
orchestra floor and great balcony, without columns; and 


from little or no ventilation to the modern cooling in- 


stallation. 

In 1900 when the writer designed an auditorium ven- 
tilating installation with the air supply of 30 cfm per 
person introduced through the ceiling, with but slightly 
less exhaust at the floor, both supply and exhaust open- 
ings being uniformly distributed, precedent for a down- 
flow system was demanded by the owner (and found). 
When in 1913 the writer published a paper recommend- 
ing the use of recirculated air in ventilation the idea 
was ridiculed. Today it is in general use and cooling 
installations would be next to impracticable without it. 

Twenty years ago a theater provided with a supply of 
air equal to 10 cfm per person was thought to be well 
ventilated in spite of discomfort experienced by the 
patrons. Then, the air was almost universally intro- 
duced through the floor and exhausted through the ceil- 
ing or rear walls. Chilled legs, dusty air, and uneven 
temperatures were the results. Today a_ bountiful 
supply of clean, conditioned air from the ceiling, from 
which level it passes down through the theater picking 
up the heat and moisture given off by the patrons but 
passing over them at the desired temperature and then 
being drawn out through the floor, is the ideal to be 
attained—though many installations fall short of the 
goal. 

As to the types of systems found in this survey* those 
theaters having no ventilation were very old buildings 
(one of them eighty-four years). Those having supply 
or exhaust only were also old buildings. Those having 
reversible systems as well as those listed last month as 
“nondescript” were largely neighborhood houses, usually 
small and cheaply built and representing aggressive sell- 
ing of equipment, rather than engineering. Those 
theaters in which the air was supplied through the floor 
and exhausted through the ceiling (or in some cases 
through the rear walls) were older buildings. In all of 
the newer buildings air was supplied through the ceil- 
ing and exhausted or returned through the floor (or- 
chestra floor, and usually balcony floor also), thus show- 
ing a complete reversal from the practice of earlier 
years. It is consequently amusing to think of the diff- 
culty experienced in inducing an owner to accept such 
a design only fifteen years ago. 


*Consulting Engineer, New York City. Member of Board of Consulting 
and Contributing Editors. 

1This article is based on a recently completed survey of seventy-six 
theaters as described by the author in the December, 1934, H. P. & A. C 
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By D. D. Kimball* 





Distribution of Air: To the limited—very limited— 
and unequal distribution of the air moved by the 
ventilating system through the theater may failures of 
some systems be directly attributed. Lack of air 
distribution is almost always found to be due to 
uneven distribution of return air outlets. Rea- 
sonably perfect general distribution of the return air 
outlets is seldom found. Although twenty-six houses 
were classed as having “generally distributed outlets,” 
in the majority of cases such outlets were located at aisle 
seats only and while this is better than the average 
method it is far from ideal. In many. cases the return 
air outlets were found exclusively at the rear, front or 
sides of the house, with resulting high temperatures at 
points remote from these outlets and temperature differ- 
ences of as much as 8 F on the same floor. No such 
difficulties are found where the return air outlets as 
well as the supply inlets are very generally distributed. 
Balconies and galleries without direct return air out- 
lets are higher in temperature and less comfortable than 
are those areas of the theater having return air outlets. 

Accessory Spaces: What little sympathy with or 
respect for the ventilation of theater toilets by means 
of windows the writer may ever have had has com- 
pletely vanished as a result of this survey; this applies 
as well to the use of windows’ for ventilating toilets 
in theaters having the so-called “plenum” system of 
ventilation. The air passing through the window is 
just as likely to be blowing in as out, carrying the odors 
into the theater, frequently the case even with the 
“plenum” system. 

Where no windows occur in the toilets and gravity 
vent ducts are provided therefrom, dependence being 
placed on the plenum, ventilation is inadequate or nil. 
Nor will 8 to 10 changes of air per hour provide ade- 
quate toilet room ventilation. After years of use and 
with the best of “housekeeping,” these rooms are bound 
to be, and are found to be, odorous unless amply, posi- 
tively and directly ventilated with an independent 
exhaust fan system. Disc or propeller type fans placed 
in the windows or walls do not assure satisfactory 
results inasmuch as an opposing wind pressure will 
often nullify the work of the fan. 

Means of air inlet to toilets is essential to their ven- 
tilation. For smaller toilets this may be by means of 
grilles in the door or by cutting off the bottom of the 
door, while in the larger toilets an air supply directly 
or through the adjacent lounge is desirable. If a direct 
toilet room air supply is provided it should be slightly 
less than the amount of the exhaust to prevent any 
movement of air from the toilet to adjacent rooms. 











January, 1935 


Large lounges always should be provided with a direct 
air supply and exhaust. While some of the air from 
this room should be exhausted through the adjacent 
toilet only rarely is it wise to thus arrange all of the 
exhaust from the lounge. 

The foyers are usually so integrally a part of the 
theater proper that their ventilation is and should be 
a part of the main theater system. 

In large theaters the best provision for combating 
outside air pressures to prevent drafts of air into the 
theater from the lobby is that which comprises a sepa- 
rate fan drawing return air from the return air cham- 
ber under the theater and discharging it into the foyer 
across the doors or parallel to the sill of both outer and 
inner doors. Properly arranged, this will prevent hot 
outdoor air from reaching the orchestra floor in the 











Thirty-five years of experience in the air 
conditioning and ventilation of theaters and 
a recently completed survey of the mechanical 
equipment in seventy-six motion picture 
houses is the background for this informative 


article, which discusses—among other things 
—the importance of air distribution, the need 


and opportunity for theater comfort cooling, 
importance of air filters in reducing cleaning 
costs, possibility of using well water with 
refrigeration to cut cooling costs. The writer's 
experience gives authority to his views; his 
survey of actual conditions, described last 


month, assures their practicality. 
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summer, and with auxiliary indirect radiation it will heat 
the foyer in winter and prevent cold air from reaching 
the orchestra or foyer. 

Advertising at the outer doors to call the attention of 
passers-by to the cooling installation is a cheaper method 
of informing the public about the cooling of the theater 
than is the forcing of large quantities of expensively 
treated air out to the street. 

Exhaust fan ventilation is universally provided for 
the projection machines, and generally another fan ex- 
haust system is provided for the projection room itself, 
as should be the case. Many projection rooms are very 
inadequately ventilated, for the output of heat therein 
is very large. Where outside windows do not exist in 
such rooms a direct supply of air is desirable, which 
should not be discharged into the strata of heated air 
at the ceiling, but thoroughly diffused into the room at 
a lower level. 

Cooling Installations: The fact that less than half of 
the theaters visited were provided with cooling systems 
indicates that there is still a considerable opportunity for 
the installation of such plants. 

In every instance of a cooling installation the air was 
supplied through the main ceiling and through the 
soffits of the balcony and gallery (where these existed). 
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In the matter of the return air the practice was less 
uniform, as described above. It was mostly on this 
latter basis that a number of these installations failed 
to be classed by the writer as “good,” because the re- 
sult of the inadequate general distribution of the return 
outlets could be readily detected in the atmospheric 
conditions of these theaters. 

In a few cases amazing things were found to have 
been sold as “cooling systems.” 

Dehumidifiers: Dehumidifiers with two and with 
three ranges of spray nozzles and with or without direct 
expansion coils within the casing, were found to give 
very similar results. It is suggested that spray nozzles 
should be attached to the riser pipes by means of brass 
nipples and that the bottom cross headers should pitch 
in the direction of the water flow, these to be provided 
with a large size drain valve or plug at the far end so 
that these pipes may be readily washed out. 

Air Filters: In but two instances were air filters 
found, but plenty of evidence—such as ceilings and 
decorations badly soiled about the air inlets—indicated 
that all air entering the theater through the ventilating 
system should be filtered. One theater manager com- 
plained that he was maintaining a dry cleaning estab- 
lishment because of having so often to pay for the 
cleaning of patron’s dresses which were soiled by dirt 
dropping from the ceiling. 

Generally a considerable amount of air is bypassed 
around the dehumidifier and is therefore not washed 
at any time; also during the spring and fall there are 
several weeks during which there is no air washing and 
no air conditioning. The result is that with the air 
blown in close to the ceilings and on the same plane, 
many ceilings are badly soiled and the cost of cleaning 
(even where possible) is considerable. 

The cleaning of many of the air filters heretofore 
installed is troublesome, consuming much time and labor, 
with the result that some of the filters which have been 
installed have been abandoned. None the less it is im- 
portant that with ceiling outlets of the usual pan type 
all of the air blown into the theater should be filtered. 
The air filter should be of a type easily and inexpen- 
sively cleaned. A type of air filter which may be easily 
cleaned by vacuum cleaning tools is often desirable 
inasmuch as practically all theaters have vacuum clean- 
ing systems. 

Air Heaters: Aside from a few old type pipe coil 
blast heaters found in old buildings, all air heaters were 
either cast iron vento or aerofin, both of which seemed 
to give about the same degree of satisfaction. 

Duct Systems: The classification of duct systems as 
“ample” or “deficient” or “well installed” or “poorly 
installed” (see article last month) was purely arbitrary. 

Where an insufficient amount of duct work was found 
the greatest was usually in the return air duct work. 
The major fault found was short bends and connec- 
tions, lack of control dampers, and leaky construction 
due to poorly made seams and allowing trusses, beams 
and ceiling hangers to pass through ducts; also poor 
connections to ceiling outlets. The leakage is sometimes 





so great that a noticeable plenum is found in the attic 
space and much air intended for the auditorium is lost. 
Asbestos cement or plaster-of-paris is a poor substitute 
for well constructed duct work. 
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Some duct systems were unnecessarily complicated 
and not skillfully designed, with the ducts badly placed. 
Very ‘few insulated ducts were found. 

Refrigerating Machinery: Generally the refrigerat- 
ing equipment was adequate, well arranged and nicely 
installed. A few cases of limited capacity and of unde- 
sirable crowding of the machinery were noted; also a 
very few cases of operating noise which might be de- 
tected in the theater were observed. The sound of the 
water passing through the piping from the machinery 
in the basement up to the dehumidifier in the attic was 
detected in the orchestra of two theaters. Insufficient 
bracing of CO, lines was observed in a few cases. 

As for a preference for the use of a single unit or two 
units together to provide the desired capacity, two units 
seem desirable in the larger theaters, but if one unit 
is out of commission during very warm weather the 
remaining unit serves but little purpose. 

Wells: The utilization of deep well water in air con- 
ditioning systems is just beginning to receive its proper 
due. Some assume that the use of well water will 
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eliminate altogether the need of any refrigeration for 
comfort or theater cooling and this is a serious mis- 
take. An attempt to use well water without operating 
the refrigerating machine in one case caused water to 
run from the ducts and loaded the theater with mois- 
ture. Well water will rarely be found cold enough 
properly to dehumidify a theater, but where an ample 
supply of well water can be had it will materially 
reduce the size of the refrigerating machine required, 
reduce the cost of the installation and largely reduce 
the operating costs. 

This well water may generally be used for precooling 
and then serve as condensing water.* 

In some districts it is required that this water be re- 
turned into the ground through a return well. Double 
casings in a single well have been used for this purpose, 
the water being drawn from a deep level and returned 
at a higher level. 

[The author will continue his discussion of air distribution in a 
third article—Tue Eprror.] 


*See August, 1934. H. P. & A. C., pp. 344-345 and October, 1934, pp. 
431-432. 
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kw-hr of power, and 240 cu ft of 72 F water. It has 
been found that under maximum outside conditions, the 
dehydrator operates approximately three-quarters of the 
time. 


Control of the System Presented a Problem 


The selection of a hygrostatic control presented quite 
a problem as it was necessary to maintain an arbitrary 
atmospheric condition—a condition independent of tem- 
perature and independent of humidity, as is indicated on 
the zero deviation line of Fig. 1. A control system was 
finally devised to meet the requirements :— 

Each of the two floors which are conditioned has a 
main dry air supply duct equipped with an automatic 
damper. A human hair humidistat on each floor oper- 
ates a damper motor to shut off the supply of dry air 
when the humidity drops to the humidistat setting. In 
the event that both humidistats are satisfied, the two 
dampers automatically open to furnish a supply of fresh 
air and the dehumidifier automatically shuts down. 
These humidistats, however, are really secondary or 
actuating controls. The primary control consists of a 


series of wooden blocks, identical to those used on the 
presses, so arranged as to magnify greatly any devia- 
tion in block thickness. The motion resulting from such 
deviation is transferred to the adjusting arm of the 
humidistat, thus shifting the working range upward or 
downward as required. The “high” contacts on the 
humidistat open the dry air dampers, and the “low” con- 
tacts turn on the sprays in the several humidifier units 
which are installed. There is, of course, a normal or 
neutral floating point, where neither the humidifiers nor 
the dehydrator are called upon to operate. Thus, with 
this arrangement it is the blocks themselves which dic- 
tate the proper atmospheric condition for maintaining 
constant block thickness. 

This air conditioning system was put in operation in 
the spring of 1934 and the results have been extremely 
gratifying. The following is quoted from an article on 
the application of this system to the precision method 
of printing, appearing in a recent issue of The Waverly 
Press house organ: 

“The result of this system is demonstrated by the study 
of one month under controlled atmosphere. About six hun- 
dred cuts were printed and not one was removed from press 
because of block thickness. With uncontrolled atmosphere, 
over 25 per cent blocked cuts had to be removed and cor- 
rected for type height.” 








“FLORIDA FLYER” OF THE EASTERN AIR 
LINES, which went into service last month, has 
thermostatically controlled steam heating and 
individually controlled ventilation for each pas- 
senger. Air is taken in at the nose and dis- 
tributed by ducts to the passenger space, the 
outlet at each seat being under the control of 
the occupant 








Photo, Detroit Stoker Co. 


“Savings in operation are ... likely if ... coal is 
fired mechanically.” When the boiler plant at The 
Homestead, Hot Springs, Va., was modernized with 
the stokers shown here savings of 90c per ton in the 
cost of coal resulted—and 10,000 tons of coal are 
required annually. In addition, ability to maintain 
steam pressure with fluctuating demands, and 
elimination of smoke, are “stoker dividends” 


OW to improve the heating of a plant or build- 
ing and reduce heating cost is a question which 
can be answered in many ways, depending upon 

the particular situation in each specific case. Some- 
times it involves a change in the method of steam gen- 
eration, the fuel or the way it is fired, distribution of 
the steam to the heat-emitting surfaces, the heat-emitting 
surfaces and their accessories themselves (for instance, 
installing unit heaters in place of pipe coils and replace- 
ment of traps, etc.), temperature and zone control, etc. 
One question that frequently comes up is the advantage 
of changing from high pressure to low pressure steam, 


*Consulting Engineer, Chicago, and Member of Board of Consulting 
and Contributing Editors. 





a 4 OLESTION AND THE ANSWER 


The Editor: 1 would greatly appreciate any information on 
the following matter: 

A change of management has recently taken place in the 
hotel building of which I am an operating engineer. In this 
plant we carry high pressure steam (75 lb gage) for heating 
the building and for process work. The new management feels 
that by changing the plant to low pressure, we will economize 
in fuel as well as labor and that the cost of making the neces- 
sary changes will be paid for by these savings in a very short 
time. 

Following are some details of the plant and equipment. Total 
radiation amounts to about 37,000 sq ft; boilers are down draft 
of about 105 hp each; two of these boilers carry the peak 
load in winter and only in severely cold weather do we have 
to cut in the third boiler. This has happened only three times 
in the twelve years that this plant has been in operation. Our 
efficiency, according to an evaporation test that we made last 
year, showed 6214 per cent, which is unusually good for hand- 


~ 


fired boilers. 
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By Samuel R. Lewis* 


and even here the answer is not always the same. 
Frequently the change is justified ; in other cases, 
a survey indicates otherwise. 

The case under consideration is an example 
of the latter. The question of whether or not 
a change from high to low pressure steam for 
heating, cooking, water heating in a hotel would 
be advisable has been asked by a reader of H. P. 
& A. C., an operating engineer. From the in- 
formation supplied, it appears that the installa- 
tion of stokers and some form of temperature 
control would be the better way of securing the 
desired economy. The reasoning underlying 
these recommendations is given here, principally 
to indicate what must be considered in arriving 
at a decision of this kind, and should not be con- 
strued as a “blanket recommendation.” Each 
case needs individual study, the answer depend- 
ing—as mentioned—on the situation. 

Briefly, the plant under consideration has three hand- 
fired down-draft boilers. It heats the hotel and fur- 
nishes steam to the food cooking apparatus in the 
kitchen at 20 Ib pressure and steam for hot water heat- 
ing at 15 lb. The boilers are operated at 75 lb normal 
steam pressure, and there are two high pressure steam 
lines running about 250 ft from the boilers, where re- 
ducing valves are placed to deliver steam at about 3 Ib 
to the heating system, which has modern thermostatic 
return traps on each radiator. The following questions 
are asked, to each of which the writer’s replies are ap- 
pended : 

1. Jf the boiler pressure were reduced to 4 lb, what size low 
pressure steam main should replace each present high pres- 
sure main leading to the reducing valve on the heating system, 
if each present high pressure main supplies 10,500 equivalent 
square feet of direct radiation? 











For heating purposes we reduce our pressure to 3 and 4 Ib. 
The reducing valves are located about 250 ft from the boilers, 
thus making a total of about 500 ft of mains. One main is 3 
in. in diameter and the other 4 in. 

For process steam we reduce our pressure to 20 Ib; this takes 
care of two stock kettles, two steam tables, four coffee urns, etc. 

For domestic water we reduce our pressure to 15 lb and this 
takes care of three tanks equipped with submerged heating coils ; 
the three tanks have a total capacity of 3,400 gallons of water. 

The following are my questions: 

1. To what size should the mains be increased, if each is 
to take care of about 10,500 ft of radiation? 

2. What changes are necessary in the process equipment? 
3. Do the hot water heaters need any alterations? 

4. Does it take less fuel to operate at low pressure than at 
high pressure? If so, why? 

5. In general, where are the possibilities of saving, outside 
of discharging the present licensed men and replacing them 
with cheaper labor? 
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The longest run from the boiler to the most distant 
heating unit along the piping, including an allowance 
for the friction due to fittings, probably may safely be 
estimated at 800 ft. The absorption of pressure loss 
by friction in the piping may be taken as half the 
initial pressure. Then 4-2 = 2 lb available, and the 
pressure drop per 100 ft of run would be (2 X 100) 
+ 800 = % Ib. 

A 5 in. pipe will supply 9,100 equivalent sq ft of radia- 
tion at a pressure drop of % lb per 100 ft run. A 6 in. 
pipe will supply 14,900 sq ft at a %4 lb drop per 100 ft 
run. 

With covered mains, well drained, it is apparent that 
a 5 in. main could serve sufficiently well. The present 
3 in. high pressure main would have, under these 
changed conditions, a capacity of less than one-third 
the required value. 

2. What changes are necessary in the process equipment? 


It is probable that the steam cooking apparatus has 
very small pipes and valves, and very small pipe tap- 
pings. While the pressure is reduced from 75 lb to 20 
lb, it is probable that the cooking apparatus is not far- 
distant from the boiler, and that therefore the tempera- 
ture of the steam which enters the jackets of the cook- 
ers is close to 320 F rather than at the approximate 
260 F corresponding to the 20 lb actual pressure. This 
heat was in the steam at 75 lb and remains as superheat 
for some time after the pressure is reduced through a 
reducing valve. 

It is very doubtful whether a temperature 60 F lower 
than that at present would serve for the cooking, and 
it is probable that continual complaint and dis-satisfac- 
tion would be experienced with so low a temperature. 
Eventually gas would have to be used in the cooking 
apparatus at a considerable cost for the physical changes 
and at a relatively high cost compared to coal for the 
gas burned. 

3. Do the hot water heaters need any alterations? 


These heaters, like the kitchen equipment, have been 
receiving superheated steam and they will have a very 
much reduced output when saturated steam is substi- 
tuted. It is not safe to say whether or not they would 
serve sufficiently well under the changed conditions, but 
it is probable that they would not have to be changed, 
if their location is close to the boilers. 

4. Does it take less fuel to operate at low pressure than at 
high pressure? 

Theoretically, to deliver any given amount of steam 
at 5 lb pressure requires not only heating the water to 
228 F and the input of 962 Btu per lb after that to 
change the water to steam without increasing its tem- 
perature, but requires also a definite addition of heat 
for every temperature increase. Thus at 4 Ib pressure 
a pound of steam contains about 1,156 Btu, while at 
75 lb pressure, it contains about 1,186 Btu. 

I°xpressed in another way, if you have 40,000 sq ft 
equivalent direct radiation which condenses % lb of 
steam per hr per Edr, the 10,000 lb of steam required 
per hr if delivered at 75 Ib pressure will have 1186 — 
1156 = 30 Btu per lb X 10,000 Ib = 300,000 Btu beyond 
that necessary to fulfill the requirements of the output 
design of the ordinary heating system. At an efficiency 
of 62% per cent, however, this means, with 10,000 Btu 





Heating - Piping 
aAir Conditioning 








January, 1935 


300,000 
= 48 Ib of coal per hr. 





coal, 
10,000 « 0.625 

This amount of heat will be required, not for every 
hour of the heating season, but only during the hours 
of maximum demand. To establish a seasonal fuel rate 
one method is to divide by 3 the product of the 
maximum fuel demand per hour and the total hours. 
If there are 5000 hours per heating season, then 
5000 hr & 48 1b would give some idea of the excess coal 





3 
per year due to high temperature steam through the 
heating season; 80,000 lb or 40 tons. 

The heat equivalent to this 48 lb of coal per hr, when 
its use in the building is concerned, is expressed as 
superheat in the reduced pressure steam. Most of it 
will be available in the heat transmitting units, because 
the superheat will bring about the delivery of “all steam” 
and not steam mixed with water at the remote radiators. 
Therefore it is not fair to assume that anything like the 
full value of 40 tons of coal per season would be saved 
in this plant by changing to low pressure generation. 

It is very difficult, with hand firing, to maintain a 
uniform low steam pressure such as 5 Ib; due to fluctua- 
tions in demand and in combustion rate, without any 
built-up reserve such as now is present in the high 
pressure steam. There is evidence that losses in effi- 
ciency of combustion at low pressure, burning coal 
manually, will’ far exceed the losses due to warmer 
gases going up the chimney caused by hotter steam at 
the higher pressure. There is evidence that more coal 
actually was burned with manual firing after changing 
to low steam pressure than was burned when operating 
at the higher pressure and then reducing the pressure 
to suit the individual service in a number of cases. 

5. In general where are the possibilities of saving, outside 
of discharging the present licensed men and replacing them 
with cheaper labor? 

There is no actual saving likely, except as it may be 
achieved by reducing wages paid to labor. It is doubtful 
whether any well managed hotel could put up with a 
chief engineer, whether operating at low pressure or at 
high pressure, of less calibre and attainments than would 
be acquired at the rate of pay of a licensed engineer. 

In general, savings in operation are far more likely 
to accrue if, at the steam pressure as at present, the 
coal is fired mechanically as in a stoker. There are 
almost invariably such savings possible in this direction 
that the cost of stokers will be saved in two or three 
years. 

There are very remarkable savings possible by install- 
ing zoned automatic temperature control so that by 
operation of valves on the steam supply risers controlled 
by central thermostats, for instance, overheating and 
wasteful opening of windows will be reduced. These 
arrangements are being installed in a large number of 
buildings, both old and new, and in many instances are 
repaying their cost in savings inside of three years; 
thereafter rendering a substantial profit. 

The writer’s recommendation, therefore, based on the 
information given and without having visited the hotel 
in question, would be not to change to low pressure 
operation. 
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Trap draining a large 
receiver separator 


SELECTING TRAPS 


tables and examples. 


STEAM PIPING 


By T. H. Rea* 


. ++... is explained here, supplemented by the necessary 


Traps on steam distribution mains 


must do two things—remove water of condensation with. 
out steam loss, and air or other incondensable gases. Con. 
densation due to warming up a cold line as well as from 


radiation loss must be considered, and the traps must be 


installed so that the condensation will get to them 


RAPS on steam distribution piping must do two 

things—first, remove water of condensation as 

fast as formed without steam loss, and second, 
remove the air or other incondensable gases mixed with 
the steam or present in the line before the steam is 
turned on. 


Warming Up a Cold Pipe Line 


When steam is first admitted to a cold pipe line, con- 
siderable steam is condensed in bringing the pipe up 
to approximately steam temperature. This initial flood 
of condensate may be the governing factor in trap se- 
lection. Hence it is necessary to calculate this load, 
using the simple formula: 

W X (hh — te) X 0.114 





C= 
L 
where 
C = Amount of condensate, Ib 
W = Total weight of pipe, Ib 
t: = Final temperature of pipe, F 
tz = Initial temperature of pipe, F 
L = Latent heat of steam at final temperature, Btu per Ib 
0.114 = Specific heat of wrought or steel pipe 
Example: Find the amount of steam condensed when 
steam at 10.3 lb gage pressure is admitted to 500 ft of 
5 in. welded piping at 70 F. " 
From any standard pipe table, the weight of 1 ft of 
5 in. pipe is found to be 14.8 lb. From steam tables, 
L = 952 Btu. t, = 240.1 F. Then substituting in the 
equation : 
(14.8 X 500) X (240.1 — 70) X 0.114 
a = 150.73 
952 
Table 1, showing the weight of steam condensed per 
foot of pipe, 2 in. to 15 in. in diameter, in raising pipe 
temperature from 70 F to steam temperature at com- 
mon steam main pressures, has been prepared using the 











*Armstrong Machine Works, Three Rivers, Mich. 


above formula. 
is welded, the weight of pipe flanges has not been con- 
sidered in the table. 


Since so much of the new steam piping 


Radiation Losses from Piping 


After the pipe has reached steam temperature, ad- 
ditional steam will be condensed to make up for radia- 
tion losses from the pipe. At temperature differences 
up to 250 F between the bare pipe and the surrounding 
air, the heat loss is conservatively figured as being 3 
Btu per hr per F temperature difference per sq ft of 
external pipe surface. The amount of condensate ex- 
pressed as a formula is: 

AX3X (tt — tr) 


C= -_—_—_—- 
L 
where 
C = Weight of steam condensed, Ib per hr 
A = External area of pipe, sq ft 
t, = Steam temperature, F 
te = Air temperature, F 
L = Latent heat of steam, Btu per Ib 


At temperature differences exceeding 250 F, the fol- 
lowing heat loss figures may be used in the formula 
(instead of 3 Btu): 
Temperature Difference, F 


For 3in. Pipe For Large Dia. Pipe. 


Pe seed n ChaWinsuks Nabe MD. SweWs neeeeews od ende 3.2 
Mt Cktcdecktdceihaetewn a Bet. eb ewt scenes ee éenhnns 3.6 
MEETUP CT ETT LET Cre Be” seddeddenecatelecwne 4.1 
Ge bs 6 dh bO 8000's aden ees ee hve sews dbaneweeee 4.5 


Example: What weight of steam will be condensed 
due to radiation losses from 500 ft of 5 in. bare pipe 
under 10 Ib steam pressure with an air temperature of 
70 F? From a pipe table, 0.686 ft of 5 in. pipe has 1 
sq ft of external surface. Therefore, 500 ft of pipe 
would have an area of 500 -- 0.686 or 7288 sq ft. 
Substituting in the formula, 








728.8 X 3 X (240.1 — 70) 
: = 391 lb per hr of condensed steam 
952 

Table 2 is derived from the above formula and shows 
the amount of steam condensed to make up for radiation 
losses from one lineal foot of bare pipe, sizes 2 in. to 
15 in., at common steam pressures. 

The heat loss from, and hence condensation in, in- 
sulated piping is reduced from 60 to 85 per cent 
(depending upon thickness and efficiency) by insulation. 
For trap selection purposes, it is advisable to be con- 
servative and figure that the steam condensed in in- 
sulated pipe to make up for radiation losses will be 40 
per cent of the amounts shown in Table 2. 





Spacing the Traps 


Before calculating the warming up load and the 
normal load due to radiation losses from a given length 
of steam main, it is first necessary to determine where 
or how far apart the traps should be installed. Then, 
given the length and diameter of pipe to be drained by 
a single trap, it is easy to calculate the amount of con- 
densate and size trap required. 

Unfortunately, little is known regarding the flow of 
condensate in high velocity steam mains. One possi- 
bility is that when steam first condenses it forms a 
film of water all around the interior of the pipe. As 
the film thickness increases, most of the water flows to 
the bottom of the pipe forming a tiny stream of con- 
densate. In spite of the high steam velocity, this small 
trickle of condensate at the bottom of the pipe moves 
rather slowly because of friction between the pipe and 
the water. However, as the depth of the stream in- 
creases the relative friction decreases and the trickle of 
condensate gains speed. With increased depth, too, 
waves will form on the surface of the condensate stream 
and still further increase its speed. Should these waves 
attain a size such as partially or wholly to block the 
passage of steam trouble will occur. With the steam 
flow retarded the steam pressure will drop ahead of the 
wave, resulting in increased wave velocity sufficient 
to damage the pipe. 
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Because of their high velocity, these waves or slugs 
will pass right by drip connections to steam traps. Large 
receiver separators can be installed of course, but the 
cost of these separators and the large traps required to 
drain them may be greater than the cost of smaller 
traps placed at sufficiently close intervals to prevent 
the formation of slugs. 

Another theory is that as small ripples form on the 
condensate surface these ripples will be blown into a 
mist or spray by the high velocity of the steam, making 
the use of a separator absolutely necessary in order to 
insure dry steam at the point of delivery. Both theories 
may be correct, depending upon the velocity of the 
steam in the pipe, the steam pressure, and the size of the 
pipe. However, regardless of whichever theory may 
apply to a given installation, it seems obvious that traps 
should be installed at sufficiently close intervals to re- 
move condensate before it can accumulate in slugs or be 
blown into a spray that complicates the condensate 
removal problem. 

In important steam distribution projects constructed 
during the past few years, traps have been spaced at 
intervals ranging anywhere from 300 to 800 ft. A 
spacing of 500 ft therefore can be considered con- 
servative, with a possible variation each way depending 
upon local conditions. In district heating work, for 
example, it is sometimes customary to install traps at 
every manhole station and the location of the manholes 
is governed by other considerations such as length of 
city blocks, pipe expansion, etc. 

Regardless of how short the intervals are, traps 
should be installed at all natural drip points (such as 
ahead of inverted loops, at the bottom of regular loops, 
and at the bottom of supply risers). Traps also should 
be installed ahead of important reducing valves and 
ahead of shut-off valves, particularly when a water seal 
will form over the closed valve disc. 


Picking the Right Trap Size 


After determining the length of line to be drained 
by a single trap, either from the natural drip points or 
conservative maximum spacing, figure the amount of 











Table 1 
Stream Pressure, Ls 
PER SQ In. GAGE 2.3 5.3 10.3 25.3 
Steam TEMPERATURE, Fy 219.4 228.0 240.1 267.3 
TEMPERATURE Rist 
rrom 70 Foy 149.4 158.0 170.1 197.3 

Pipe Wt. Per 
Size, in Ft, Lb — 

2 3.65 0.0643 0.0687 0.0745 0.0883 
2% 5.8 0.102 0.109 0.118 0.133 
3 7.6 0.133 0.143 0.155 0.183 
3% 9.2 0.161 0.173 0.188 0.222 

1 10.9 0.192 0.205 0.222 0.263 
5 14.8 0.261 0.278 0.302 0.358 
6 19.2 0.338 0.362 0.392 0.464 

7 23.8 0.418 0.448 0.485 0.575 

8 28.8 0.507 0.542 0.589 0.696 
9 84.1 0.600 0.642 0.696 0.825 
10 40.5 0.712 0.761 0.827 0.978 
ll 45.6 0.803 0.858 0.931 1.102 
12 49.6 0.871 0.932 1.011 1.197 
13 54.6 0.960 1.029 1.116 1.321 
14 58.6 1.031 1.102 1.196 1.416 
15 62.6 1.103 1.179 1.280 1.513 





Steam Condensed per Foot of Pipe in Raising Pipe from Atmospheric to Steam Temperature 


50.3 100.3 150.3 200.3 250.3 
2958.0 338.1 366.0 388.0 406.2 
228.0 268.1 296.0 318.0 336.2 

Lb of Steam Condenced ~ - —- —_~ 
0.104 0.127 0.144 0.158 0.170 
0.165 0.202 0.232 0.250 0.270 
0.217 0.264 0.299 0.328 0.354 
0.264 0.320 0.362 0.397 0.429 
0.311 0.378 0.429 0.472 0.509 
0.423 0.514 0.582 0.641 0.690 
0.549 0.666 0.755 0.829 0.895 
0.680 0.826 0.937 1.030 1.109 
0.822 1.002 1.135 1.248 1.344 
0.976 1.185 1.343 1.478 1.591 
1.156 1.408 1.593 1.752 1.890 
1.304 1.588 1.795 1.973 2.125 
1.420 .722 1.953 2.146 2.312 
1.560 1.899 2.150 2.362 2.542 
1.674 2.035 2.310 2.535 2.730 
1.792 2.175 2.465 2.71% q 
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steam required to bring the pipe line up to steam tem- 
perature. This amount of condensate should be con- 
verted into an hourly flow basis by multiplying by 60 
and dividing by the number of minutes required to bring 
the line up to temperature. For example, approximately 
348 lb of steam are required to raise the temperature of 
500 ft of 9 in. pipe from 70 F to the temperature of 
steam at 10.3 lb gage. If only six minutes time is 
required for bringing this pipe up to temperature, the 
hourly rate of flow would be (34860) ~6 or 3480 Ibs. 

To handle this warming up load flowing at the rate of 
3480 Ib per hr a trap must have a continuous discharge 
capacity somewhat in excess of this figure; in fact, a 
safety factor of at least 1% or 2 would be advisable. 
That is a trap should be used the continuous discharge 
capacity of which is approximately 5,000 Ib per hr at 10 
lb gage pressure. The selection of a trap to handle 
5000 lb of condensate per hr at 10 Ib pressure would 
be very simple if all traps were rated on the basis of 
continuous discharge when handling condensate at steam 
temperature. Unless it is known that the ratings are 
so based, it is usually advisable to apply an additional 
safety factor, as a trap test made with cold water will 
show almost twice the capacity of the same trap tested 
with hot condensate at the same pressure differential. 

In case steam is admitted to the pipe line more slowly, 
the warming up time will be greater and this of course 
reduces the maximum rate of flow. However, this does 
not necessarily mean that a smaller trap can be used 
because the longer warming up period means that the 
trap will have to operate for some little time at a 
pressure much below the maximum. The capacity of 
a trap at 1 lb pressure for example is approximately 
only half its capacity at 10 Ib. 

Now compare the warming up load with the amount 
of steam condensed to make up for the radiation losses 
from the pipe line. Referring to Table 2, 1 ft of 9 in. 
pipe will condense 1.354 lb of steam per hr at 10.3 Ib 
gage steam pressure, or 677 lb per hr for the 500 ft 
line. This radiation loss load is much less than the 
warming up load and hence a trap large enough to take 
care of the initial flood of condensate has ample capac- 
ity to take care of the steam condensed to make up for 
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radiation losses. Insulating the pipe line adds still fur- 
ther to the margin of safety for handling the steam 
condensed by the line after it is brought up to tempera- 
ture. 

Traps for draining steam supply risers are selected 
on the same basis as traps for horizontal steam mains. 
They should be trapped at the bottom. On a properly 
designed job, their size is such that condensate will 
flown down counter-current to the steam. Since the 
condensate film will be fairly uniform in depth all 
around the riser, a suitable drip pocket is essential at 
the bottom of the riser. 

In the case of lines that are filled with steam at all 
times, it is possible to ignore the warming up load 
provided the initial load of condensate is taken care of 
by manually controlled valves at the end of the steam 
line. Here the steam condensed to make up for radia- 
tion losses governs the size of trap to be used and 
conservative practice requires that the continuous dis- 
charge capacity of the trap should be from two to three 
times the amount of steam that would be condensed even 
if the lines were not insulated. If the lines carry 
superheated steam, these same rules for trap selection 
should be used because there is always a possibility that 
the superheat may be lost and that condensation will 
be formed in sufficient quantity to cause damage unless 
it is trapped off promptly. 


Getting Condensate to the Trap 


Once the proper size of trap is selected for any given 
length of steam line, the next problem is to make sure 
that all the condensate from the header will enter the 
line to the trap. The common practice of merely screw- 
ing the drip line into the bottom of the steam header 
is hardly adequate as any sizable slug of condensate 
will be carried right past the drip connection by the 
high velocity steam. In the days when all steam pipe 
was flanged, the cost of special flanged fittings made 
the installation of drip pockets fairly expensive and to 
some extent probably accounts for the practice of merely 
connecting the trap line to the bottom of the steam 
header. 











Table 2—Steam Condensed to Make up for Radiation Losses from One Foot of Pipe (not Insulated) 


Steam Pressure, Lp per Sg In. GaGe—> 2.3 5.3 
Steam TEMPERATURE, F— 219.4 228.0 
TEMPERATURE RiIsE FROM 70 F— 149.4 158.0 
Latent Heat, Bru per Lap— 956.6 960.0 
Ls CONDENSED PER Sg Fr oF SurFace—> 0.465 0.494 
Pipe Length per 

Size, In. Sq Ft Surface co — 

2 1.608 0.290 0.307 
2% 1.328 0.350 0.372 
3 1.091 0.426 0.452 
3% 0.954 0.466 0.518 
4 0.848 0.524 0.583 
5 0.686 0.678 0.720 
6 0.576 0.808 0.858 
7 0.500 0.930 0.988 
s 0.442 1.050 1.118 
9 0.396 1.174 1.249 
10 0.355 1.310 1.391 
1l 0.325 1.430 1.520 
12 0.299 1.555 1.652 
13 0.27 1.720 1.830 
14 0.25 1.860 1.975 
15 0.24 1.940 2.060 


eee 


10.3 25.3 50.3 100.3 
240.1 267.3 298.0 338.1 
170.1 197.3 228.0 268.1 
952.0 933.3 911.0 879.8 
0.536 0.6385 0.750 0.914 

Lb per Hr of Steam Condensed . 
0.334 0.395 0.467 0.568 
0.405 0.478 0.565 0.689 
0.492 0.581 0.687 0.837 
0.563 0.673 0.787 0.958 
0.633 0.749 0.885 1.078 
0.781 0.925 1.092 1.332 
0.932 1.101 1.301 1.587 
1,072 1.270 1.500 1.828 
1,212 1.437 1.700 2.066 
1.354 1.602 1.895 2.305 
1.510 1.790 2.153 2.575 
1.650 1.953 2.307 2.810 
1,794 2.121 2.510 8.055 
1.996 2.350 2.780 8.381 
2.145 2.540 3.000 8.655 
2.235 2.645 8.125 8.805 











Selection and Maintenance’ » 


William A. Hanley* 


of Industrial Air Conditioning Systems 


N any industrial application of air conditioning 

equipment, from the time the first line is drawn 

by the draftsman until the job is complete and run- 
ning, the foremost thought of all parties concerned should 
be a system that will operate reliably and be easily and 
cheaply maintained. Most processes which justify air 
conditioning are important ones and cannot be inter- 
rupted without loss. Use of the best materials avail- 
able and proper design are therefore important. Un- 
reliable equipment is never satisfactory; no matter how 
great a saving there appears to have been made in the 
original investment. 

After the problem has been analyzed by competent 
engineers and the job turned over to the designer, the 
purchaser will do well to check up on a number of im- 
portant points. 

The shell, eliminators and fan can be made of a num- 
ber of materials. Black and galvanized iron are com- 
monly used, but copper and stainless steel are available, 
and may be justified either from the point of contamina- 
tion of the product to be air conditioned where iron or 
zinc are objectionable or from the matter of mainte- 
nance, where materials are ‘ndicated that will not be 
affected by acid or alkali reac:ions. In the final analysis 
there is one best metal to be tised consistent with the job 
to be done, and that metal should be installed. 

When the washer is to be externally insulated with 
cork or a similar material, th: designer should plan in 
so far as possible for the removal of such insulation 
without its destruction, should repairs or replacements 
be necessary inside the wasrmer. A year or two ago 


"Director of Engineering, Eli Lilly. and. Company, Indianapolis, Ind. 
Member of Board of Consulting and Contributing Editors. 


the writer replaced an entire washer shell wihout the 
loss of any of the 3 in. cork insulation. 

Piping should be installed to be as accessible as pos- 
sible. Ordinary galvanized steel pipe is commonly used, 
but copper bearing or wrought iron pipe—or even more 
expensive materials—are available and should be used 
when conditions justify. 

Pumps usually are of cast iron, but where conditions 
require, can be of bronze and other slow oxidizing metals. 

The control, recording and indicating instruments 
should be of the best. If quality is to be compromised 
somewhere, it should not be in the instruments. They 
are to the air conditioning system what the nervous 
system is to the human body and accuracy and reliabil- 
ity are of paramount importance. 

A well designed and carefully installed plant should 
be conscientiously maintained. Recording instruments 
are essential and justified on any process which must 
have conditioned air. The daily or weekly charts should 
be changed regularly and inspected by a competent ob- 
server, and the recorders should be checked monthly 
for accuracy. 

In most cases the washer screens should be changed 
daily, where stationary screens are provided, and the 
washer thoroughly flushed out at least once a week. The 
washer should be filled with clean water every two or 
three days. 

The pump and motor lubrication should be checked 
at least weekly even though ring oil or ball bearings 
are in use. The checking is a matter of seconds only. 

It may be necessary to clean spray heads every day, 
but usually for washing outside air, every week or two 


[Continued on page 120, back section] 
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Now that welded piping has become so common, it is 
a relatively simple matter to provide a drip pocket at the 
bottom of the steam header. This pocket should have 
some storage capacity to take care of any slugs that 
might come at a faster rate than the contimusus dis- 
charge capacity of the trap, and furthermore such a 
pocket compensates for any xg in the opening of the 





trap itself. Where it is not feasible to install pockets 
in the line for drip connections, a small dam could be 
tack welded in the bottom of the pipe to serve as a 
baffle to divert condensate to the pipe connection. The 
height of the dam would not need to be more than 
one-tenth of the pipe diameter and the drip connection 
should be made on the upstream side of the dam. 
Wherever possible, a dirt pocket should be installed 
ahead of the trap to collect any scale or pipe cuttings 
that otherwise might enter the trap and interfere with 
its satisfactory operation. 

Traps for draining steam headers should be non air- 
binding otherwise auxiliary air removal equipment or 
manual control must be provided. If the steam is turned 
on and off at rather frequent intervals so-called “blast 
traps” are advisable, especially at the end of the steam 
headers. These blast traps are either of the combina- 


tion float and thermostatic trap type or inverted bucket 
trap type having an automatic air bypass incorporated 
in the bucket. 








“What Air Conditioning 


Did for My Business” 


ORE and more restaurants, stores, shops and 
other establishments are learning the value of 
air conditioning as a business builder. Actual 

experience of others being an important factor when the 
installation of an air conditioning system is under con- 
sideration, what it has accomplished in several specific 
instances is briefly reported here. 

Supplementing good food and service, appearance and 
comfort are essential to success in the restaurant busi- 
ness, according to D. L. Toffenetti, head of the Triangle 
restaurant chain in Chicago. Air conditioning is thus 
a necessity if a restaurant is to compete successfully for 
patronage; by attracting more customers and making 
those customers feel like enjoying a real meal it quickly 
pays for itself. 

Experience with air conditioning over a period of years 
has convinced the Triangle restaurant head that this is 
true. Some years ago, when the value of air condition- 
ing was considerably less known than it is today, a sys- 
tem was installed in one of the chain. Now it is consid- 
ered just as important a service as, for instance, the dish- 
washing equipment. Even for the restaurant at the 
World’s Fair last summer, which was equipped to be 
used for only a few months, air conditioning was in- 
stalled, and accordinging to Mr. Toffenetti, the invest- 
ment paid for itself in increased business in the short 
time. “The luxury of yesterday becomes the necessity of 
today,” to his way of looking at it and air conditioning 
falls in this category. 

It is not enough to provide the equipment for keeping 
his patrons comfortable, he feels. The thought and 
money that go into the installation of the system should 
be brought to the attention of the customers so that they 
will realize just what has been done the better to serve 
them. 

Mr. Toffenetti has some ideas about the modernization 
of restaurants which are of interest, particularly as air 
conditioning should be carefully considered in any project 
of this kind. According to him, the volume of business 
of a restaurant is at a high level for the first five to eight 
years. After that it drops off, not because the food or 
service is not as good, but just because patrons grow tired 
of the same old place, new customers are not attracted, 
newer eating places draw trade away. Every restaurant 
should therefore be modernized completely every five 
years, he believes, and the owner must allow in his prices 
a certain percentage to make possible replacement of his 
restaurant at the end of each such period. That many 
neglect to do this is cited by Mr. Toffenetti as the rea- 
son for the average life of a restaurant being five years. 
The Triangle organization is investing some $60,000 in 
modernizing one of its units at the present time. 


By Owners of Air 


Conditioning Systems 


Summer air conditioning is also a boon to the confec- 
tionery store, as proved by the experience of Mrs. 
Snyder, who operates several candy shops in Chicago 
and suburbs. She considers expenditures for air condi- 
tioning “one of the best investments” she has ever made 
in her business. The air conditioned Snyder shop (12 
ft by 50 ft) at the World’s Fair last summer attracted 
2,800 customers the opening day, a record which was 
broken on a number of other days during the summer. 
In addition to attracting customers (some said admission 
should be charged just to come in and be cool), heavy 
losses in stock are avoided by summer air conditioning, 
doors and windows may be kept closed, dust and flies are 
kept outside and the shop is consequently more inviting. 

It doesn’t have to be a food product to need the stimu- 
lation of summer air conditioning. Gregory’s (knitted 
sportswear for women), installed a unit last July in their 
Oak Park, IIl., store and “Impossible as it seems,” says 
Mr. Gregory, “that month was better by 50 per cent than 
any we've had since we’ve been in business.” The prob- 
lem at this shop was to get women to try on knitted 
dresses in warm weather. As soon as the cooling unit 
was installed, customers began coming in, actually 
“stalled” to keep from going outside again. It is Mr. 
Gregory’s belief the unit paid for itself in three weeks. 





D. L. Toffenetti, head of the Triangle restaurants and famous 
for his descriptive menus, believes in air conditioning as a 
business builder. He also believes that the patron should be 
informed of the thought and investment that must be given so 
that ke may be comfortable, as is indicated by the sign seen 
here. This view shows the glass-enclosed machine room and the 
75 ton freon compressor at the Triangle restaurant which served 
thousands at the World’s Fair last summer. 








Suggestions for 


MODERNIZING PLANT HEATING 


AINTENANCE of heating systems has been 

neglected during the past few years, as has the 

repair and replacement of other plant services. 
This has resulted in lowered efficiency and higher cost 
of heating. 

What to do about it needs consideration at the present 
time. One reason is that with improved industrial ac- 
tivity, money is more easily available to invest in 
improved heating service and lowered operating costs. 
Too, the results secured by those plants which have 
modernized heating prove that the obsolete heating sys- 
tem offers a real opportunity for improvement. Heating 
is a major and essential service in plants as well as in 
residences ; and the FHA loans have indicated that the 
heating plant is where modernization is most needed. 

To aid those plant engineers and executives who have 
modernization of their heating services under considera- 
tion, the views of several heating expe:ts are presented 
here. Each of these authorities is a member of H. P. & 
A. C.’s board of consulting and contributing editors. 


Need for an Engineer’s Survey 


Homer R. Linn’ believes that the managers of a 
great many industrial plants would do well at this time 
to employ consulting heating engineers to make thor- 
ough inspections of the heating plants and give the 
owners a complete report on what it is costing under 
existing conditions to heat the buildings. 


1 Engineer, Western Executive Office, American Radiator Company, 
Chicago 
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This report should point out the places where the 
greatest losses are, due to the present system, and what 
changes should be made to overcome these losses. Then 
in conclusion, the report should point out what the cost 
would be in making changes in the system fully to over- 
haul it and what the profit would be in the operation 
of the system if it were so overhauled. Also, it would 
be of interest to the plant owner for the engineer to 
show what it would cost to make partial improvements 
and what savings would result from such changes. 

There are so many new methods of heating today 
as compared with those of ten years or more ago, when 
many heating plants now in service were installed, that 
an engineer could correctly point out what these differ- 
ent methods would cost, what savings they would pro- 
duce, and which one would be the best suited under 
existing conditions. 


Proper Design Important 


C. W. Kimball* stresses that the most important -point 
in designing any new heating system is a proper and 
thorough study of the needs of the particular plant so 
that the final selection of the various parts entering into 
it may all fit together to produce the best results. Many 
times a lack of consideration of the facts lead to a badly 
proportioned whole. In bringing together the various 
parts of ‘he plant, each item must be selected to insure 
the resul’s desired. Engineers should be as careful to 
produc: a reasonable first cost plant as they should be to 
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produce an economically operating plant. He has come 
across at least two cases where the first cost of the plant 
designed by engineers was so excessive that the whole 
scheme was dropped and cheaper and questionable 
equipment was substituted. 

In regard to possible heating wastes, there are im- 
proper combustion, waste of water, waste of heat due 
to leaks, poor covering, faulty piping, leaky traps, too 
small piping causing excessive repairs, dirty boilers, 
poorly designed and leaky settings, poor draft, too much 
draft, too much and unnecessary pressure on the heating 
systems, lack of attention to small wastes and finally lack 
of adequate records to tell what is being done. 

The list of new equipment suitable for improving 
plant heating is so long and varied that an engineer may 
be led astray in his selection. It seems that better 
understanding of combustion, better instruments, better 
fuel burning devices, better heaters, coverings, better 
operation, and a better cooperation between the plant 
engineers and the “office” all have a decided effect on 
better results. 


Adaptability of Unit Heaters to Plants 


In the design of new heating systems for industrial 
plants there are three major considerations, all of which 
are met by suspended type unit heater systems, accord- 
ing to A. W. Moulder*: 

Adaptability: The ability of the system to fit into 
the physical conditions to best advantage. 


® Manager, Heating-Power and Industrial Piping Division, Grinnell 
Company, Inc., Providence, 











LARGEST CONSTRUCTION PROJECT in Chicago since 1929 

—except for the World’s Fair—was the rebuilding of the Union 

Stock Yards after the fire of May 19, 1934; the rebuilding was 

completed in time for the International Live Stock Exposition, 

held last month. This view looks east from the top of the 
9 story Exchange building 


The rebuilding involved industrial, commercial and office, 
hotel, restaurant, theater and exhibit buildings. The industrial 
type buildings are heated by unit heaters with the exception of 
small spaces where direct radiators were required. 

The commercial and office buildings and the hotel building 
are heated by direct radiators; ventilation systems are installed 
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The writer’s experience indicates that with a system 
of unit heating the piping may be installed to fit plant 
conditions and processes. Because the units are over 
head, both the supply and return piping may also be well 
up, out of the way, and the burying of return piping 
eliminated. 

Efficiency of Operation: This takes into account uni 
formity of heating to meet conditions, as well as 
economy of operation. 

The fact that unit heaters blow the heated air where 
it is useful and at the same time, if properly designed 
and installed, maintain uniform temperatures as re- 
quired, make for the most efficient type of heating. 

The control of the suspended type unit heaters is of 
very great importance if real economy is to be had. 
The fans on the units may be controlled or the steam 
to the units may be controlled. In some cases, it 1s 
advantageous to control both fan and steam. It is also 
desirable to consider the question of day and night time 
control, 7. ¢., maintaining a lower night-time than day 
time temperature. In the event steam is_ supplied 
directly by boiler the proper consideration for control 
of this boiler is of outstanding importance. 

Cost: 
tion and maintenance expense. 

The first cost of such a system will be low. 

The simplicity of the unit heating system makes it an 
easy and economical system to maintain because of less 
piping, fewer joints, fewer valves, traps and specialties. 
The only possible item in the unit heating system which 


This represents both first cost and deprecia- 


[Centinued on page 120, back section] 























where needed. The new restaurant building is of “air-tight” 
construction and is completely air-conditioned. 

The International Amphitheatre (seen at the right) is heated 
and ventilated by four separate blast systems, with the exception 
of the exhibit halls where unit heaters were employed, 

Vacuum heating systems are used in all the buildings, steam 
being furnished from a central power house. The main vacuum 
pump is in the power house, but there are auxiliary pumps at 
different points on the premises. In some cases the source of 


steam supply is practically one mile from the building heated. 
A. Epstein, structural engineer, designed and supervised all build- 
ings with Walter A. Becker of his staff in charge of mechanical 
installation. 


Railway Air Conditioning 
Makes Rapid Strides 


New Haven Sets New Standards 


EK MARKABLE advances were made in 
the application of air conditioning to rail- 
way passenger equipment during the past 

year, the railroads finding comfort for their pa- 
trons to be a business stimulator. Plans for 1935 
include installation of air conditioning systems in 
hundreds of additional cars; entire trains will be 
air conditioned where previously only diners, club 
cars, etc., have been so equipped. 

The New Haven Railroad (for example) has 
set a new standard in passenger equipment with 
the air conditioned cars it is now putting into reg- 
ular day-coach service on its through runs. Of a 
modified streamline variety (styled by Walter 
Dorwin Teague) the new cars, 12 of which were in serv- 
ice before Christmas, the remaining 32 coming along 
from day to day, are a radical departure from ordinary 
coaches. They are built of high-tension alloy steel which 
cuts down weight by about 20 per cent, tend to the tubu- 
lar in shape. 

Interiors are striking, with walls of french grey, 
light blue upholstery, seats framed in stainless steel, 
aluminum baggage racks, and an off-white ceiling with 
three vermilion stripes running the length of the car 
to lend a gay touch. Soft, deep-cushioned seats are set 
low with the backs at a slightly reclining angle, provide 
more width and leg room. They are equipped with an 
unusual swivel arrangement whereby they may be swung 
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The now-famous Chesapeake & Ohio’s 
kitten dramatizes the comfort of 
this road’s air conditioned cars 
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The new air conditioned, modern 
New Haven coaches with close- 
up of air conditioning equipment 


around to provide facing seats for bridge or sociability, 
and automatically lock into place. 

Windows have double plate glass with a dehydrated 
pocket in between to act as insulation and prevent frost- 
ing or steaming up of the windows. Window sills are 
of a highly polished black finish which will not burn 
or blister. The windows are sealed in aluminum frames. 

Quietness is one of the outstanding characteristics of 
the cars, is achieved by liberal use of rubber packing 
throughout the car, and by the sealing of the windows. 
Floors are cork board covered with an attractive lino- 
leum of checkered design in two tones of dark blue. 

The new type of lighting furnishes direct illumina- 
tion for each seat at the reading angle, but eliminates 
the eye-strain of looking down the car and seeing a line 
of lights; the lights are recessed into the ceiling, the 
rays being directed through a square grille. 

The air conditioning system has a low velocity air 
diffusing system which insures positive but gentle dif- 
fusion of conditioned air throughout the car, accom- 
plished without marring the interior beauty of the cars 
in the slightest degree. The air conditioning distribu- 
tion duct runs the length of the car along the ceiling and 
adds to the effectiveness of the lines which appear to 
give the car additional length. 

The cars seat 84 passengers (four more than the last 
type of coach ordered by the New Haven), are used 
in regular trains between New York and Boston, New 
York and Springfield, Hartford, and Waterbury, with 
no extra fare. 
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By A. P. Kratz*, S. Konzo**, 


Study of Summer Cooling in the Research 
Residence for the Summer of 1934 


M. K. Fahnestock***, and E. L. Broderick? (MEMBERS) 


Urbana, II. 


This paper is the result of research conducted at the University of 
Illinois in cooperation with the A. S. H. V. E. Research Laboratory 
and the National Warm Air Heating and Air Conditioning Association 


The results presented in this paper were obtained in 
connection with the summer -cooling investigation 
(1934) in the Research Residence,’ Fig. 1, at the Uni- 
versity of Illinois, conducted by the Engineering E-xperi- 
ment Station of which M. L. Enger, Dean of the Col- 
lege of Engineering, is the director, in the Department 
of Mechanical Engineering of which O. A. Leutwiler, 
Professor of Mechanical Engineering Design, is the 
head. These results will ultimately comprise part of a 
bulletin of the Engineering Experiment Station. Spe- 
cial acknowledgment is due to the General Electric Co., 
the Utilities Research Commission of Chicago, Ill., and 
the Frigidaire Corp. for active cooperation in this in- 
vestigation. Acknowledgment is also due to A. F. Hub- 
tard, Graduate Assistant, for active participation in the 
detailed work of the investigation. 


REVIOUS investigations in summer cooling in 

the Research Residence during the summers of 

1932? and 1933* made use of ice as the medium 
for cooling water circulated through coils placed in the 
forced-air heating system, and were confined largely to 
studies of the factors affecting the cooling load, and to 
studies of the effectiveness of circulating air from the 
outdoors at night, both as a supplement to artificial cool- 
ing during the day and as a means for eliminating the 
necessity for artificial cooling during the day. In the 
course of these studies no outdoor air for ventilation 
was taken into the Residence during the periods when 
artificial cooling was required. The investigation for 
the summer of 1934 was undertaken to determine to 
what extent a two-ton mechanical refrigerating unit could 
be used to produce satisfactory cooling in the Research 
Residence, both when supplemented by the circulation of 
outdoor air through the second story at night, and when 
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llinois. 

**Special Research Associate, Engineering Experiment Station, Uni- 
versity of Illinois. 

***Research Assistant Professor, Engineering Experiment Station, Uni- 
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*+Research Assistant, Engineering Experiment Station, University of 

Illinois. 

1The Research Residence in Urbana, IIl., was built, furnished, and 
completely equipped specifically for research work in warm-air heating 
by the National Warm Air Heating and Air Conditioning Association in 
December, 1924. 

2A. S. H. V. E. Research Paper entitled, “Study of Summer Cooling 
in the Research Residence at the University of Illinois,”’ by A. P. Kratz 
and S. Konzo. (Heating, Piping and Air Conditioning, February, 1933, 
pp. 115-126.) 

8A. S. H. V. E. Research Paper entitled, “Study of Summer Cooling 
in the Research Residence for the Summer of 1933,” by A. P. Kratz 
and S. Konzo. (Heating, Piping and Air Conditioning, December, 1933, 
pp. 613-625.) 

For presentation at the 41st Annual Meeting of the American Society 
oF HEATING AND VENTILATING ENGINEERS, Buffalo, N. Y., January, 1935. 
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Fig. 1—View of Research Residence in Urbana, Illinois 


not so supplemented, under conditions in which approxi- 
mately one air change per hour of outdoor air was used 
for the purpose of ventilation during the periods when 
artificial cooling was required. 


Description of the Research Residence and 
Cooling Equipment 


The Research Residence, shown in Fig. 1, together 
with the forced-air heating system has been described 
in a previous paper. For the purpose of this investi- 
gation, the Residence was equipped with awnings at all 
ast, south, and west windows, and the sun parlor was 
isolated from the rest of the house by means of the 
doors opening into the dining room. The entire third 
story was regarded as an attic, and during the daytime 
was isolated from the rest of the house by means of a 
door at the head of the stairs. The attic windows, how- 
ever, were opened to provide ventilation in the attic 
during both day and night. With the exception of the 
space above the northwest bedroom and the small spaces 
adjacent to the dormer windows, the third story had 
hardwood floors laid on pine sub-flooring. The small 


spaces adjacent to the dormer windows had no floors. 
In the space above the northwest bedroom 1 in. of 
insulating blanket was nailed to the upper edges of the 
floor joists. 


Hence, practically all second floor ceilings 
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were at least equivalent to lath and plaster with flooring 
above it. No cooking was done in the kitchen, but the 
heat transmitted through the glass doors from the sun 
parlor, which was not ventilated by opening the windows, 
compensated for this to a certain extent. Unless other- 
wise specified, the state of the Residence was compar- 
able for the work done during the three summers. 

The arrangement of the forced-air heating plant and 
fan is shown in Fig. 2. For the purpose of this in- 
vestigation, all return ducts with the exception of the 
central one containing the cooling coil were blocked. The 
delivery ducts to the sun parlor and third story were 
blocked, as indicated, and the dampers in the ducts to 
the first and second stories were adjusted to maintain 


the proper balance between the cooling on these two 
stories. 

The arrangement of the cooling plant is shown in 
Fig. 3. The condensing unit consisted of a double pipe 
condenser and a four-cylinder compressor driven by a 
3 hp motor. This unit was self-contained. Cooling 
was accomplished by direct expansion of Freon in an 
evaporator unit placed in a by-pass in the central cold 
air return duct. The evaporator unit or cooling coil 
consisted of 32 rows of finned copper tubing placed 4 
rows deep in the direction of air flow and 8 rows high 
measured along the vertical axis of the air duct. The 
tubes were 34 in. outside diameter and had 6 fins 
per inch. The overall diameter including fins was 1% 
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Fig. 3—Diagram of cooling plant with mechanical refrigeration 
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in. The evaporator as installed in the duct was 17 in. 
high and 30 in. wide, and the gross or face area pre- 
sented to the flow of air was 3.54 sq ft, while the net 
or free area was 2.18 sq ft. The nominal rating of 
the condenser and evaporator units as used was 21,700 
Btu per hour with refrigerant temperature of 32 F, wa- 
ter temperature of 80 F, and ambient air temperature 
of 100 F, or 29,500 Btu per hour with refrigerant 
temperature of 32 F, and water temperature of 60 F, 
with an air velocity of approximately 350 fpm across 
the 3.54 sq ft of face area. 

The operation of the refrigerating machine was con- 
trolled by means of thermostatic expansion valves hav- 
ing the thermostatic bulbs clamped to the tubes of the 
evaporator ; and a water control valve so designed that 
the degree of opening for the flow of the condenser 
water was controlled by the condenser pressure. The 
latter also operated to shut off the supply of water to 
the condenser when the machine was not running. The 
operation of the cooling plant as a whole was controlled 
by means of a room thermostat placed in the hall on the 
second story, and which served to start and stop the 
refrigerating machine in accordance with the cooling load 
required to maintain constant room temperature. 

In order to provide for both heating in the winter and 
cooling in the summer, the evaporator, or cooling unit, 
was installed in a by-pass in the central return duct, as 
shown in Fig. 3. For the summer work, the duct was 
blocked with tightly fitting dampers at B and C, and 
all of the air delivered to the fan in the forced-air sys- 
tem passed through the cooling coil when the air in the 
house was being recirculated. For the purpose of pro- 
viding outdoor air for cooling during the night, a slide 
damper, £, was placed in the by-pass on the down- 
stream side of the cooling coil, and a door, F, was placed 
in the recirculating duct just ahead of the fan. When 
outdoor air was required, the basement door and the 
door in the recirculating duct were opened, and the slide 
damper was closed. The fan in the forced-air system 
delivered approximately 1,300 cu ft of air per minute 
when recirculating the air in the house and 2,200 cfm 
when using outdoor air at night. Outdoor air, for the 
purpose of ventilation during the periods when the cool- 
ing plant was operating, was provided by means of the 
duct shown as Detail A in Fig. 3. This duct contained 
a venturi section for the measurement of the volume 
of air delivered, and it was necessary to use a small 
fan in order to deliver the equivalent of approximately 
one air change per hour. Wet- and dry-bulb tempera- 
tures of the air and inlet and outlet temperatures of 
the condenser water were measured by means of ther- 
mocouples or thermometers placed at points indicated 
in Fig. 3. 


Method of Conducting Tests 


During the summer from June 5 to September 16, 
continuous records were made, by means of temperature 
recorders, of the following air temperatures: outdoor, 
dining room, kitchen, first story hall, living room, east 
bedroom, southwest bedroom, northwest bedroom, and 
third story hall. Continuous records were also made of 
the wet- and dry-bulb temperatures of the air entering and 
leaving the cooling unit, and of the outdoor air taken 
in for ventilation. Other incidental air temperatures 
were observed at regular intervals. Relative humidities 
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both indoors and outdoors were observed by means of 
an aspirating psychrometer. The outdoor dry-bulb read- 
ing on this psychrometer served as a basis for correct- 
ing the outdoor temperature read from the recorder 
chart. Surface temperatures of the north, south, and west 
walls and of the northwest bedroom, east bedroom, and 
living room ceilings were obtained by means of thermo- 
couples. The data were plotted on a continuous chart, 
and this chart was used as a basis for the analysis of 
the results. 

During the periods of operation, observations were 
made of the weight of water circulated through the con- 
denser and water jackets on the compressor, the tem- 
perature of the water entering and leaving the con- 
denser and jackets, the temperature of the refrigerant 
entering and leaving and at the thermostatic control bulb 
in the evaporator, the head and suction pressures, and 
the electrical inputs to the compressor and fan motors. 
The weight of condenser water was obtained by means 
of a calibrated water meter and the air quantities were 
obtained from traverses made with Pitot tubes at sec- 
tion D in the central return duct and at the venturi 
section in the ventilating air duct as shown in Fig. 3. 

During all of the tests, both with and without night 
cooling, the windows on the first story remained closed. 
The windows in the attic, with the exception of one 
opposite the door at the top of the stairs, remained open. 
For the purpose of night cooling, 11 windows on the 
second story were opened by raising the lower sash to 
the full extent. Two windows which were opposite 
registers and one window at the second floor stair land- 
ing remained closed. For all tests the Residence was 
operated strictly on the schedules described in connec- 
tion with the following enumeration of the different test 
series : 


Artificial Cooling During the Day Supplemented by 
Circulation of Outdoor Air at Night 


Series 3-34. 


The second story windows and the attic and basement doors 
were closed at 7 a.m. and the fan, which had been de- 
livering outdoor air through the system, was stopped. When 
the temperature of the indoor air on the second story rose to 
81 F, the cooling plant was started, with the fan delivering 
through the cooling unit both the recirculated air and the out- 
door air admitted for ventilation. The former was equivalent to 
4.5 recirculations of the air in the house, and the latter was 
equivalent to one air change per hour, making a total of 5.5 air 
changes per hour delivered by the fan. The fan was run con- 
tinuously through both on and off periods of the refrigerating 
unit. The cooling plant was allowed to operate with thermo- 
static on and off control maintaining 81 F on the second story 
until the effective temperature outdoors became equal to the 
effective temperature on the second story indoors. The refrig- 
erating unit was then stopped; the second story windows and 
attic door were opened; and the dampers were set and the 
basement door opened, so that the fan delivered outdoor air 
through the duct system, the fan continuing to run until 7 a.m. 
The fan delivery was 2,251 cfm or 9.5 air changes per hour. 


Series 4-34. Artificial Cooling During the Day Not Supple- 
mented by Circulation of Outdoor Air at Night 


The second story windows were not opened during the 24 
hours. The fan was run continuously during the 24 hours, de- 
livering through the cooling unit both the recirculated air and 
the one air change per hour admitted for ventilation. The cool- 
ing plant was allowed to operate with thermostatic on and off 
control maintaining 81 F on the second story. 
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Series Circulation of Outdoor Air at Night Without 


Artificial Cooling During the Day 


5-34. 


The second story windows and the attic and basement doors 
were closed at 6 a.m. and the fan was stopped. The house re- 
mained closed during the day, with no attempt made to control 
the indoor temperature. The second story windows and the at- 
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under these conditions, as compared with the effective- 
ness of cooling for the basement fan with both first and 
second story windows open, and for the attic fan with 
the second story windows only open, is shown in Fig. 4. 

In the previous paper* it was shown that the minimum 
indoor temperature attained at night was practically the 
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Fig. 4—Temperature drops for various methods of night air cooling in Research Residence 


tic and basement doors were opened at 6 p.m., and the fan 
During the night, the fan took air from outdoors 
The 


was started. 
and delivered it into the rooms through the duct system. 
fan delivery was 2,251 cfm, or 9.5 air changes per hour. 
Circulation of Outdoor Air at Night Without 


Artificial Cooling During the Day 


Series 6-34. 
. ery 

Same as Series 5-34 except that the windows were closed and 
the fan stopped at 7 a.m. instead of 6 a.m. 


Results of Tests 


Cooling with Outdoor Air at Night 

During the summer of 1933, studies were made* with 
various combinations of window openings and fans for 
cooling with outdoor air at night. With one exception 
these studies were made with both first and second story 
windows open. The one exception was made with a 
fan in the attic drawing in 3,980 cfm which was ap- 
proximately 33.6 air changes per hour based on the sec- 
ond story alone, or 16.8 based on the house as a whole. 

Since it is undesirable in the average city residence to 
have the first story windows open all night, it seemed 
more practical in the case of the 1934 studies to con- 
fine the open windows to the second story alone. Fur- 
thermore, it also seemed more practical from the stand- 
point of the householder to employ the fan in the forced- 
air heating system circulating 2,251 cfm or approxi- 
mately 9.5 air changes per hour, rather than to install 
additional fans in order to circulate a greater volume 
of air. The effectiveness of night air cooling obtained 


same as that existing when the windows were closed at 
6 a.m. Furthermore, it was shown that the effectiveness 
of different methods of night cooling could be compared 
by plotting the drop in indoor temperature from the time 
that the indoor and outdoor temperatures became identical 
to the time at which the indoor temperature attained a 
minimum, against the drop in outdoor temperature from 
the time at which the indoor and outdoor temperatures be- 
came identical to the time at which the outdoor temper- 
ature attained a minimum. These temperature drops are 
shown as B and A respectively in the insert in Fig. 4. 
In comparing different methods of night cooling, tem- 
perature drop curves giving greater slopes indicate 
greater effectiveness of cooling, and the maximum pos- 
sible effectiveness would be represented by a 45 degree 
line, or one having a slope of 1.0 when the two tem- 
perature drops are plotted to the same scale. 

From Fig. 4 it may be observed that in the case of 
the attic fan drawing approximately 33.6 air changes 
through the second story windows alone, the effective- 
ness in cooling the house as a whole, based on the av- 
erage indoor temperature for both stories (Curve No. 
2), was much less than that in cooling the second story 
alone based on the average indoor temperature for the 
second story (Curve No. 4). When cooling with out- 
door air at night is used to supplement artificial cooling 
during the day, however, the effectiveness of night cool- 
ing in the house as a whole is of more significance than 
the effectiveness for the second story alone. The effec- 


tiveness of cooling the house as a whole was but slightly 
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greater for the fan in the forced-air heating system cir- 
culating approximately’ 9.5 air changes per hour and 
with both first and second story windows open (Curve 
No. 3) than it was for the attic fan drawing in 33.6 
air changes per hour through the second story windows 
alone (Curve No. 2). The effectiveness of cooling for 
the house as a whole with the fan in the forced-air 
heating system circulating 9.5 air changes per hour and 
the second story windows alone open (Curve No. 1) was 
somewhat less than that for either of the latter methods. 
The location of the points representing the test data 
indicates that the effectiveness of night cooling was not 
greatly influenced by whether the windows were closed 
at 6 a.m., as for Series 5-34, or at 7 a.m., as for Series 
6-34; or whether they were opened at 6 p.m. or at the 
time that the effective temperature became the same 
indoors and outdoors, as for Series 3-34. 

It has been mentioned that the slopes of the curves 
similar to the ones shown in Fig. 4 afford a measure 
of the relative effectiveness of the different methods 
employed for cooling with outdoor air at night. Fur- 
thermore, the relative effectiveness of the different meth- 
ods may be considered as dependent on the amount of 
air circulated and not inherent in the particular method 
used for circulating the air. Under these conditions, 
sufficient data are available from the studies of 1933° 
and 1934 to establish the range of the number of air 
changes that would be required to prove effective for 
night cooling in a house of the type of the Research 
Residence. 

The slopes of all of the curves obtained when the out- 
door air was positively circulated by means of some 
type of fan are shown in Fig. 5, plotted against the cor- 
responding amounts of air circulated expressed as a 
number of air changes per hour. Two curves were thus 
obtained. The upper curve represents conditions either 
in a two-story house in which windows are opened on 
both stories and the effectiveness of cooling is based on 
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Fig. 5—Influence of rate of circulation of night air on cooling 
effect in the Research Residence 


the average indoor temperature for both stories; or in 
the second story of a two-story house in which only 
the windows on the second story are opened and the 
effective cooling is based on the average indoor tempera- 
ture of the second story alone. The fact that all of the 
points representing the data fell on a smooth curve, 
even though the amounts of window opening were not 
the same, indicates that the effectiveness of cooling for 
a given number of air changes per hour was more or 
less independent of the number and location of the win- 
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dows opened, provided that the distribution of the open- 
ings was such as to give good distribution of the air. 
Furthermore, the fact that the point representing the 
cooling effect with 33.6 air changes per hour, obtained 
from consideration of the second story only, is on the 
curve, indicates that this type of curve is applicable to 
any space when the number of air changes per hour, 
the amount of window opening, and the indoor air tem- 
perature are considered in relation to the given space 
alone. 

The lower curve in Fig. 5 represents conditions in 
a two-story house in which the windows on the second 
floor only are opened and the effectiveness of cooling 
is based on the house as a whole or on the average in- 
door temperature for both stories. It is evident that 
the effectiveness of cooling the house as a whole is less 
when the windows on the first story are not opened than 
it is when the windows on both stories are opened. 

From Fig. 5 it may be observed that with the smaller 
numbers of air changes per hour the curvature of the 
curve decreases very rapidly as the number of air changes 
increases, but that the rate of decrease in the curvature 
becomes much less for the larger numbers of air changes. 
A slope of 1.0 would represent the maximum effective- 
ness of cooling, inasmuch as it would represent condi- 
tions under which the indoor temperature would be re- 
duced to the same value as that outdoors. Within the 
limits of the observed data, the slope curve does not be- 
come asymptotic to a line representing a slope of 1.0, in- 
dicating that it would require air quantities far in excess 
of 33.6 air changes per hour in order to reduce the indoor 
temperature to the same value as that outdoors. It is 
therefore evident that cooling with outdoor air at night 
does not become reasonably effective until the number of 
air changes per hour reaches a value of approximately 9, 
and that above a value of 30 air changes per hour the 
gain resulting from increasing the amount of air circu- 
lated is very small. At some point the gain obtained 
by increasing the number of air changes per hour will 
probably be offset by the increased cost of electrical 
current required to operate the fan. 


Cooling with Mechanical Refrigeration 


The operating characteristics of the cooling plant and 
a comparison of the actual and calculated cooling loads 
for the house can best be illustrated by the results ob- 
tained on a typical day. For this purpose a test made 
on June 27, 1934, was selected and the results are 
shown in Fig. 6 and Table 1. On this day the outdoor 
temperature was 97.1 F at 2 p.m. and reached a maxi- 
mum of 99.0 F at 3:45 p.m. At that time the house 
was being operated on Series 4-34 and the windows had 
remained closed during the night preceding the test. 
The fan in the forced-air system had continued to op- 
erate during the off period of the compressor, shown 
from 1:30 a.m. to 6:30 a.m. in Fig. 6, and ventilating 
air from the outdoors was drawn in, resulting in a rise 
in the relative humidity indoors. At 6:30 a.m. the 
compressor was started through the action of the ther- 
mostat and operated intermittently until 11:20 a.m. The 
compressor operated continuously at full load capacity 
from 11:20 a.m. to 11:15 p.m., at which time intermit- 
tent operation was resumed. During the long off period 
from 1:30 a.m. to 6:30 a.m., the cooling coil evidently 
warmed up and the temperature became practically the 
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Table 1—Typical Operating Data and Results with Mechanical Refrigeration at 2:00 P. M. on June 27, 1934° 


Re NE GOP casi ccdeddnededectacebvcetacsstouveseseebssvecesesacs 
Moisture content, gr per Ib dry air... ...... cee cee eeeneenreeeneces 
S.. Tadeer ale, ave, Geant. fewdl Betiecccc ccc ceccvccccvscecccescveccese 


8. Indoor air, house avg. at breath. level.......... 


Motstare Combemt, gr per TH GFY Gil. cc ccccwcccccccccnccccccccses 
RR Pee are oP eer eT To ee TT Tee Tere TC TT Tere rT TTT TTe 
Motetere content, ar per 1 Gry Gio... occ ccccccccccccenscccvcccces 
Be er I IE - GIs on 6 ho os Fed eee ci ecc es Keetecevcocces 
Peeeeees Gembent, GF OOF TP GEF GEE. cc ccc cccccccccscesesecccecsoes 
ee ee eS. ct ckewéntieeandeceotetndeed eeneees 
Moisture comtemt, GF per ID GFY BF... cccccccccsccccccesccecvccee 
Air temp. drop through cooling coil, F.........cccccceeecceceeerenes 


8. Temp. of cooled air leaving registers, Ist and 2nd story avg, F........ 
ee Re Or GS BE I, Bio dc cccnwcnccosiacscutacecscesse 
10. Basement air temp. at breath. level, F...... ccc cece cccccccccccceces 
ee PE A, I, Loh ewahudne ddbeedeesesdeedaveedeedvesces 
ey Ot CN sn oa dn ew che Jesh ea onda aehetessecos 
12. No. of house air recirculations per hour. .........ccccccscesccsscces 
BE EN GE Bh bk So oh ee redone. cSC Fee eKKecedsordsbevegesoovesedcocecs 
i MS teak ee eu ce ekete devas FENoCC CoS RRaSNE COSC. 
ee GRU BPGD GIG, GOs cc ok oc ced dc cc cstccevricvscsceve 
Bee WE, Bh ae cea weche es ew Aa ANS WOW esos 08 dO No hse cn db onioes eaies 
SP ee Tee RTT Tee CETTE Te eer TT Te 
15. Moisture condensed from air, Ib per hour.............ceeeeeccceececs 
ee ep er ee ee eer 
ee ee rT ee 
i ee ee he Pia ee by Aees GaSe eee deeeneeneen eee 
R7.. Water temp, Chrome eemGemnet, Bcc cccccccvocccccsccccscccsvccceces 


18. Water temp. through condenser, compressor and basement, F.......... 
30. Gamtity of qomeber WHET, BOF BOGE. occ cess ccccecicveseccccvcces 


i Wevdschee ceameee neue 68.1 
bn anhaeadaneea tenes 15.9 
obneiareetiasacaeas tee 70.0 
Sbesceococegenesaddncee 4.4 
vdtéieescacedoddebwkel 1,303 cfm or 5,660 lb of dry air per hour 
daneeéeevedneseseeads 0.0724 

ee ee eh eee ee 5.5 

DeiukeddscasGwetevaas face area 3.54 sq ft, free area 2.18 sq ft 
séuesunceveeesissaees 368 

(baeeendastdssewkedwd 598 

bebatienasthabeeceeaue 0.0707 

btieie sbtasee Sand aawen 7.11 

eT CT ee eT 29,065 Btu per hour 
Ty Ee TS 21,599 Btu per hour; 
ixbweidheeird a kee@waseie Inlet 59.7, Outlet 98.0, Rise 38.3 
baowteaws baataboaceaul Entering 59.7, Drain 100.0, Rise 40.3 
56b6b600s dbdbh ae eusee 800.5 lb or 96.1 gal 


Sie sedeeereesessseens D.B. 97.1 F, W.B. 73.6 F, R.H. 33% 


Pet 2 Ne fede et en Ist Story 79.4 F, 2nd story 80.4 F 
eueduededeéuenqartawe D.B. 79.9 F, W.B. 65.2 F, R.H. 45.5% 
Okie hebesdesccuscen 70.0 

$3 6660006006005 6008b6 D.B. 94.8 F, W.B. 76.5 F, R.H. 44.5% 
sete eeneteeneudanasa 108.6 

si renuserceteseteuse D.B. 81.5 F, W.B. 67.2 F, R.H. 47.5% 
skakthckedneds eebusa 76.9 


D.B. 65.6 F, W.B. 59.9 F, R.H. 72.0% 


77.3 


240 cfm or 1,015 lb dry air per hour 


7,466 Btu per hour; 25.7% of total heat absorbed 
74.3% of total heat absorbed 


90. Heat absorbed by water passing through condenser 2... .ec cc ccccccccccccccccccsccccccccece 30,659 Btu per hour 
21. Heat absorbed by water passing through condenser, compressor and basement................ 32,262 Btu per hour 
22. Heat equivalent of power input to compressor Motor. .........cccecssccccccccccccecceccsece 9,980 Btu per hour 
23. Net cooling load or heat gain on entire house (Item 21—Item 22)..............ccccccceees 22,282 Btu per hour 
24. Ratio of net heat gain to total heat absorbed in cooling coil (Item 23/Item 16)................ 0.767 
i rr Or Ms elie okt Rae eR ses nnhan desi eee eho desbbSdeederenkenns dann se Inlet 42.4, Control bulb 57.1, Outlet 74.0 
i, en I ss seit de ce bad 6h PA bie oF a one heseed ed SOUpeesscnseebeenses Suction 40, Discharge 130 
27. Nominal rating of condensing unit with 82 F refrigerant, 60 F eesitundion water and 90 , 
I a er a ede hae mb ees OL ede an CAS m ea kaise bedeetaawaeel 29,500 Btu per hour 
OE, ER IIT GIB 6 6.5 660.6060 66060. 0:6'60.06 068585564 cb serewereasisiccreccdenevesosecese Size 3 hp, Measured power rate 2.92 kw 
ee NE orc unas Sd CAC Ree bales ee sdb0 okere end sed seveedeeee bees eds eiacecedenessesed 235 rpm 
ERE OR CE OO OE COCR CECT TET PETE TOO ——— Sli 
MOtor occ cecee cece receeeeeeetsesesesesesetssesesessestsesesesesessesesssseseseessenize 14 hp, Measured power rate 0.340 kw 


"Test No, 7-34. 





same as the air temperature. The intermittent periods 
of operation were not sufficiently long to establish equi- 
librium, and full capacity of the machine was not ab- 
sorbed from the air until the compressor started to op- 
erate continuously. , 

During the hours from midnight to 5 a.m. the indoor 
temperature remained constant owing to the heat ca- 
pacity of the structure while the calculated load curve 
showed decreasing cooling load. From 6 a.m. until 10 
a.m. the actual average load approximated the calcu- 
lated load. After 10 a.m., however, the actual load 
was less than the calculated load until approximately 
6:10 p.m., at which time the two became equal. The 
calculated load attained a maximum of 40,300 Btu per 
hour while the actual load never rose above 30,500 Btu 
per hour. The effect of heat lag of the structure is 
most strikingly shown in the period from 6:10 p. m. 
to 11:15 pm. At the latter time the calculated load 
had decreased to 12,500 Btu per hour while 27,500 
Btu per hour were still being absorbed from the air. 
During the day the temperature of the air indoors rose 
from 79 F to 81 F. From 6:10 p.m. to 11:15 p.m. the 
indoor temperature was reduced from 81 F to 79 F. 
This was taken into account in the calculated load curve 
but is not sufficient to explain the wide discrepancy be- 
tween the actual and calculated loads. From 11:15 p.m. 
to 3 a.m. the calculated load continued to decrease some- 
what more rapidly than the actual load. 

The calculated cooling load was based on the first 
and second stories only. It included the heat trans- 


mission through the walls, floors, ceilings, and glass, sun 
effect on walls and glass, sensible heat brought in by 
the air used for ventilation, heat brought in by moisture 
in the air used for ventilation, heat from 4 occupants, 
heat from lights, and heat supplied by the electrical 
input to the fan, and was based on the hourly observed 
indoor and outdoor wet- and dry-bulb temperatures. The 
heat equivalent to the electrical input to the compressor 
motor was not included as it was regarded as all be- 
ing dissipated in the basement. An attempt was made 
to determine the pressure built up in the first and sec- 
ond stories by the operation of the ventilating fan. 
While this did not result in a quantitative determination 
of the actual pressure, it did indicate that the pressure 
was slightly greater than atmospheric. Hence it was 
considered that infiltration through windows could be 
neglected and all infiltration could be credited to the air 
brought in for ventilation, amounting to approximately 
one air change per hour. 

The sun effect based on unshaded windows was cal- 
culated by using the sun intensity curves for east, south 
and west vertical surfaces for the month of July from 
the work of F. C. Houghten* and others, and by mul- 
tiplying the value thus obtained by 0.83? to obtain the 
heat transmitted through the glass. Since all of the win- 
dows in the walls exposed to the sun were equipped with 
awnings, the heat transmitted through the shaded win- 


4A. S H. V. E. Research Paper entitled, “Heat Transmission as In- 
fluenced by Heat Capacity and Solar Radiation,” by F. C. Houghten, 
J. Blackshaw, E. M. Pugh and Paul McDermott. (Transactions A. S. 
H. V. E., Volume 38, 1932, pp. 231-279.) 
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dows was obtained by taking 28 per cent of the heat 
calculated for unshaded windows, as indicated by more 
recent studies of F. C. Houghten® and others. 

The heat transmitted through the walls due to the 
action of the sun on the exposed portions was calculated 
by the following method. Of the total intensity of the 
sun a part, /, depending on the angle of incidence, is 
received by the surface. A portion, e/, depending on 
the absorption coefficient, e, is absorbed by the surface. 
This tends to raise the temperature of the surface and 
of, e/, a portion, H,, is lost by radiation and convection 
to the outdoor air, and another portion, H,, is trans- 
mitted through the wall to the indoor air. From these 
considerations the following equations may be estab- 
lished?® : 

el = H.+ H:, or H: = el — Hi 
H:= (tx—ty) C= (ty — ts) fi 
H, = (tx—te) fo 
In which t. = temperature of outdoor air, degrees Fahrenheit. 
t; = temperature of indoor air, degrees Fahrenheit. 
tx = temperature of outside surface of wall, degrees 


Fahrenheit. 

ty = temperature of inside surface of wall, degrees 
Fahrenheit. 

I = Sun intensity for a given angle of incidence, Btu 


per square foot per hour. 

¢ = emissivity, or absorption coefficient. 

H, = portion of e/ lost to outdoor air, Btu per square 
foot per hour. 

H.= portion of e] transmitted through wall, Btu per 
square foot per hour. 

f. = outside surface coefficient, Btu per square foot 
per hour per degree difference in temperature 
between tx and to. 

f; = inside surface coefficient, Btu per square foot per 
hour per degree difference in temperature be- 
tween fy and f;. 


5A. S. H. V. E. Research Paper entitled, “Studies of Radiation Through 
Rare and Shaded Windows,” by F Houghten, C. Gutberlet, and J. L 


Blackshaw. (Heating, Piping and Air Conditioning, February, 1934, pp 
67-74.) * 
®*Mechanical Equipment o* Buildings,” Vol. 1, second edition, by 


L. A. Harding and A. C. Willard, p. 248. 
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C = conductance of wall, Btu per square foot per hour 
per degree difference in temperature between 
tx and ty. 


For given indoor and outdoor temperatures and a 
given sun intensity the portion, H,, of the heat trans- 
mitted through the wall may be obtained by the simul- 
taneous solution of these equations. For the purpose 
of calculating the load for the Research Residence a 
value of 0.40 was assumed for the absorption coefficient, 
e, and it was assumed that when the sun was shining 
on a wall 50 per cent of the net area was actually ex- 
posed to the sun and 50 per cent was shaded by shadows 
from the awnings, shutters, etc. The latter assumption 
was based on studies of the amount of shading at dif- 
ferent times of the day. 

For the purpose of comparison the design load cal- 
culated by the method outlined in Tue A.S.H.V.E. 
GuIDE 1934 has been shown as a single point in Fig. 6. 
Certain modifications and assumptions were necessary 
in applying this method. The heat from the sun trans- 
mitted through the windows was obtained by using a 
value taken at 2 p.m. from the intensity curves given 
in Tne Guive, and by multiplying this result by 0.83* 
to allow for heat intercepted by the glass and by 0.28° 
to allow for the shading effect of the awnings. In order 
to obtain the sun effect on the walls a value of 25 F 
was added to the difference in temperature between out- 
door and indoor air as recommended. The south and 
west walls only were regarded as exposed to the sun, 
and 50 per cent of the net area of these walls was 
regarded as shaded by awnings and shutters. The de- 
sign temperature of 91 F was selected from the table in 
Tue Guipe and the average of 80 F was used for 
the indoor temperature. The temperature in the attic 
was assumed as 15 F higher than the outdoor tempera- 
ture. It may be observed that this calculated design 
load was 37,500 Btu per hour as compared with the 
actual load of approximately 30,000 Btu per hour. The 
latter proved sufficient to cool the house satisfactorily. 
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moisture away from the surfaces of the cooling coil. 
The useful refrigerating effect, or heat absorbed by 
the cooling coil was 29,065 Btu per hour, which com- 
pared favorably with the nominal rating of 29,500 Btu 
per hour, although the temperature of the refrigerant 
as shown by Item 25 was considerably above the 32 F 
on which the rating was based. Item 25 indicates that 
considerable superheating occurred in a large portion of 
the evaporator or cooling coil. The ratio of the useful 
refrigerating effect to the heat absorbed by the water 
passing through the condenser was 0.95. This high 
ratio may be explained by the fact that considerable heat 
was lost from the condenser coil to the air in the base- 
ment, which would otherwise have been absorbed by the 
water and thus would have reduced the value of the 
ratio. However, this ratio, obtained for long operating 
periods of the compressor on each test, proved valuable 
in checking the calculated refrigerating effect for the 
periods of intermittent operation, during which the valid- 
ity of using average temperatures for the air and average 
weights for the water condensed on the coil is somewhat 
uncertain. Such calculations based on averages for 
widely fluctuating conditions resulting from intermit- 
tent operation are always subject to some uncertainty. 
As shown in Item 16 the useful refrigerating effect, 
or heat absorbed by the cooling coil, was obtained by 
computing the heat absorbed by the air, which was sepa- 
rated into the sensible heat given up by the dry air 
and the heat given up by the change in the moisture 
content of the air in passing through the cooling coil. 
In connection with the latter heat quantity, some diffi- 
culty was experienced in obtaining accurate readings 
of the wet-bulb temperatures as observed by means of 
recording thermocouples. The wicks used on these re- 
cording thermocouples became fouled in a short time, 
thus affecting the accuracy of the observed wet-bulb 
temperature. However, a sufficient number of accurate 
readings was obtained to prove that no great amount of 
variation occurred in the weight of air and in the 
entering and leaving wet- and dry-bulb temperatures for 
the air passing through the cooling coil during periods 
of compressor operation. The weighed amounts of wa- 
ter condensed on the coil were therefore accepted as 
being accurate, and the heat absorbed was obtained by 
multiplying this weight by a constant value represent- 
ing the heat given by the change in moisture content of 
the air per pound of water vapor condensed. This lat- 
ter included the latent heat and superheat in the water 
vapor condensed, and the change in the superheat in 
the water vapor remaining in the air after passing the 
cooling coil, and amounted to 1,050 Btu per pound of 
vapor condensed. The weight of water vapor con- 
densed varied from 12.5 to 3.4 pounds per hour based 
on the periods of continuous operation for the compres- 
sor, or from 7.2 to 1.2 based on the total length of the 
test period over which artificial cooling was required. 
Item 21, the heat absorbed by the water passing 
through the condenser, the compressor heads, and the 
piping in the basement, H,, represents all of the heat 
that was removed from the house with the exception 
of that which might have been lost through the base- 
ment walls. In order to separate the heat gains intro- 
duced by the presence of the refrigerating machine in 
the basement, such as electrical and mechanical losses 
in the compressor motor, mechanical losses in the com- 
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pressor and drive, and heat losses from the condenser 
and compressor heads, from the net heat gains which 
were independent of the presence of the machine, the 
following heat balance on the house as a whole may 
be made: 


Hy =—=H+H., or H=Hw—H. 
Hy = Total heat removed by the cooling water from 
the point of entrance to the point of drainage. 
H = Net heat gain of house, including heat trans- 
through walls, ceilings, and glass, 
infiltration, ventilating air, heat from lights 


In which 


mission 


and fan motor, and heat from occupants, but 
excluding heat lost through the basement 
walls. 
H. = Heat equivalent of electrical input to the com- 
pressor motor. 

The net heat gain, 17, is shown as Item 23 in Table 1. 
Item 16, the heat absorbed by the cooling coil, represents 
the useful refrigerating effect, and since ultimately all 
of the cooling in the house had to be accomplished by 
means of the air passing through the coil, it also rep- 
resents the total amount of refrigeration that had to 
be expended to cool the house under the conditions of 
operation with the machine in the basement. If this heat 

H 

is represented by H,, then the ratio becomes an 
H, 

index of the additional cooling load imposed by the 
presence of the refrigerating machine in the basement, 
since this ratio would be 1.0 if it were possible to op- 
erate with no heat loss from the machine or condenser. 
In some respects this ratio is analogous to the overall 
house efficiency which may be obtained for winter heat- 
ing. The value of 0.767, given as Item 24, is relatively 
low as compared with overall house efficiencies obtained 
for winter heating. Since H,, —H, is the net heat 
gain for the house, it may be observed that for given 
outdoor weather conditions any increase in the heat loss 
from the machine or condenser must be compensated for 
by readjustments in Hy, and H,. These readjustments 
must be such that the difference, H, remains constant, 
Any such increase in losses, however, will be directly 

H 

Hence the ratio — will 


H, 


decrease rapidly as the losses from the machine or con- 


reflected in an increase in //,. 


denser are increased. Insofar as operating costs are con- 
cerned, it would therefore seem to be advantageous to in- 
sulate the condenser or to install the machine outside of 
the house. 

The general results for all of the tests with mechan- 
ical refrigeration are shown in Table 2. It may be ob- 
served from Column 33 that beginning with test No. 

H 
17-34, a decrease in the ratio — occurred up to, and in- 

H, 
cluding, test No, 24-34. This was caused by a gradual 
loss of the charge of refrigerant occurring over this 
period. As a result, the compressor did not operate 
as efficiently, and the heat losses from the machine and 
condenser became a larger portion of the useful re- 
frigerating effect. The refrigerant had no odor and the 
gradual loss of the charge was obscured by other factors. 
A small decrease in the drop in temperature was ob- 
served, but it was erroneously attributed to an increase 
in outdoor relat've humidity which occurred at about 
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this time. Furthermore, the electrical input to the com- 
pressor motor which was observed by means of an 
integrating wattmeter did not decrease sufficiently to at- 
tract attention. The indoor temperature, however, was 
maintained lower than 81 F until test No. 22-34. Hence, 
only the three tests, Nos. 22-34 to 24-34, inclusive, have 
been regarded as of doubtful value, and these are useful 
in determining the effect on comfort of maintaining an 
indoor temperature higher than 81 F, which is dis- 
cussed later. The machine was recharged after test 
No. 24-34 and on test No. 26-34, during which the 
maximum outdoor temperature rose to 101.4 F, the ratio 
H 

— rose to a normal value and the indoor temperature was 
H, 

maintained at 80.3 F, indicating that with a normal 
charge of refrigerant no difficulty would have been en- 
countered in maintaining an indoor temperature of 80 F 
on the three preceding days for which the maximum 
outdoor temperature was from 100.0 F to 102.8 F. This 
experience, however, in which the loss of the charge 
was obscured by other factors even with the machine 
under constant observation, indicates that from the stand- 
point of the householder, it would be advantageous to 
introduce some odor, or other positive means of indicat- 
ing a leak before the loss of the whole charge has oc- 
curred. 

The total cooling load for the day, expressed as the 
total Btu absorbed from the air during the overall period 
of compressor operation, is shown in Fig. 7 plotted 
against the degree hours above 85 F per day. The base 
temperature of 85 F was selected because it was found 
that usually no cooling was required unless the outdoor 
temperature was approximately 85 F or above. Curves 
for both total heat and sensible heat are shown, and the 
difference between these curves represents the heat due 
to the change in the moisture content of the air. This 
moisture load varied from approximately 25 per cent 
to 30 per cent of the total load. One point, at 60 deg 
hours, deviates widely from the total heat curve but 
does not deviate very widely from the sensible heat 
curve. On this particular test, No. 29-34, the outdoor 
relative humidity was 83.5 per cent, the highest recorded 
during the summer, and the load due to moisture was 
excessive. 

A comparison between the results from Series 4-34, 
for which no cooling with outdoor air at night was em- 
ployed, and those from Series 3-34, for which supple- 
mentary night cooling was used, may be obtained from 
Fig. 7. The data for tests Nos. 22-34 to 24-34 inclu- 
sive have been omitted from these curves because the 
average indoor temperature was higher than 81 F and 
these tests were not regarded as being comparable with 
the others. The results from the two serjgs of tests 
form two fairly well defined curves. More deviations 
occurred in the points representing the data from Series 
3-34 because the amount of artificial cooling required 
during the day was directly influenced by the outdoor 
conditions on the preceding night. The curve represents 
median conditions, and if the night was exceptionally 
cool less artificial cooling was required the next day, 
while if the night was exceptionally warm the reverse 
was true. In the case of Series 4-34, for which the win- 
dows were not opened at night, the variations in the 
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outdoor conditions at night were not so directly reflected 
in the amount of cooling required and hence less devia- 
tions occurred between the median curve and the points 
representing individual tests. 

From the curves in Fig. 7 it is apparent that consider- 
able saving in the amount of mechanical refrigeration 
required for cooling may be effected by supplementary 
cooling with outdoor air at night, even when the latter is 
confined to that which may be obtained by opening only 
the second story windows at night and employing 9.5 
air changes per hour as furnished by the fan in the 
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Fig. 7—Heat absorbed by cooling coils and hours of compressor 
operation per day 


forced-air heating system. This is particularly true for 
milder weather. For Series 3-34, the windows were 
opened when the outdoor effective temperature became 
the same as that indoors. As the nights became warmer, 
this opening time occurred later, and when the degree 
hours per day reached a value of approximately 110 no 
windows were opened and Series 3-34 merged into 
Series 4-34. On days for which the maximum outdoor 
temperature reached 80 to 85 F the windows were opened 
at about 7 p. m. and no cooling was required the next 
day. When the maximum outdoor temperature was 
from 85 to 95 F the windows were opened sometime be- 
tween 8 and 10 p.m. and artificial cooling was required 
the next day. When the maximum outdoor temperature 
was above 95 F and the indoor and outdoor effective tem- 
peratures did not equalize until later than midnight, the 
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windows were not opened and artificial cooling was em- 
ployed during the whole of the 24 hours. 

The curves in the lower portion of Fig. 7 were com- 
puted from the total heat curves in the upper portion, 
and represent the total time that the compressor would 
be required to run delivering a constant mean refrigerat- 
ing load of 29,000 Btu per hour. The actual running 
times obtained from the observed data for the individual 
tests have been plotted as points on the curves. A 
study of these points shows that, with the exception of 
four points near the upper end of the curves, they fell 
in about the same positions relative to the curves as the 
points fell relative to the total and sensible heat curves 
in the upper portion of Fig. 7. Of the exceptions, the 
three upper points represent data from tests Nos. 22-34 
to 24-34 inclusive, which were excluded from the heat 
curves because an indoor temperature below 81 F was 
not maintained. The fourth point represents test No. 
21-34, which was included in the upper curves because 
the indoor temperature was maintained at 80.7 F. From 
Column 33 in Table 2 it may be noted that for these four 

H 
tests exceptionally low values of the ratio — were ob- 
H, 
tained. A study of the points therefore indicates that 
when the refrigerant leak started with test No. 17-34, a 
gradual loss in efficiency occurred as evidenced by the 
H 
reduction in the ratio of —, but the loss of part of the 
Hi, 

charge did not affect the output of the machine until 
test No. 21-34 was reached. At this point the output 
was decreased and although it was still possible to main- 
tain an average indoor temperature below 81 F it was 
accomplished by an increase in the running time of the 
compressor. For the points representing tests Nos. 22-34 
to 24-34 inclusive, it was not possible to maintain a tem- 
perature below 81 F even with the compressor operating 
continuously for 24 hours. Hence these three tests have 
been excluded in any consideration of the data. The 
point at 60 deg hours, representing test No. 29-34, 
is of interest as indicating the increase in running time 
that was made necessary by the moisture load imposed 
by an outdoor relative humidity of 83.5 per cent. It 
may also be observed that extrapolation of the curves 
to the 24 hour ordinate indicates that the compressor 
would not be required to operate continuously over the 
24 hour period until the number of degree hours per day 
above 85 F equalled, or exceeded, approximately 150. 
Since this condition does not occur at Urbana, IIl., the 
data indicate that a refrigerating machine of 2% tons 
capacity is ample to maintain an indoor temperature not 
in excess of 81 F in a house similar to the Research 
Residence located where the climate is similar to that 
at Urbana, IIl. 

On all of the tests in which the average indoor tem- 
perature for the test was not above 81 F the maximum 
indoor temperature did not rise above 81.5 F, and then 
only for a short time. With indoor relative humidities 
between 45 and 55 per cent this was equivalent to effec- 
tive temperatures between 74 and 75 F. During the 
daytime these conditions were found to be comfortable 
both by members of the staff who occupied the Residence 
more or less constantly and by visitors who were present 
for short periods only. The maximum discomfort oc- 
curred with the Series 3-34 tests during the hour just 


Heating -Piping 
aiAir Conditioning 


39 


Table 3—Summary of Results of Tests with Mechanical 
Refrigeration and Night Air Cooling for Entire Season of 1934. 


1. Total hours above 85 F for season of 1934........ Saha 481.5 
2. Total hours above 90 F for season of 1984............ 224.1 
8. Total degree-hours above 85 F for season of 1934. 2,657.5 
4. Total degree-hours above 90 F for season of 1934...... 948.75 
5. Number of tests with mechanical refrigeration... 83 
6. Total running time for fan during night cooling, hours. . 692.3 
7. Average rate of power input to fan during night cooling, 

GEES Kaccccosecacusesedtesacacesecrssoanvenes 206% sé 410 
8. Total power input to fan during night cooling, Kwhr 283.8 
9. Total running time for fan during test period, hours. 559.2 
10. Average rate of power input to fan during test period, 

WE wesuenseeesunneenenkeuneséeeendns $14 
11. Total power input to fan during test period, Kwhr 175.5 
12, Total running time for fan including night cooling, hours. 1,251.5 
18. Total power input to fan including night cooling Kwhr.. 459.3 
14. Total running time for compressor, hours...... 3385.7 
15. Average rate of power input to compressor, watts 2,836 
16. Total power input to compressor, Kwhr.... 952.1 
17. Total power input to compressor and fan, including night 

i, Sn cs oat cawenne 3 ne ue 1,411.4 
18. Total quantity of cooling water, gallons. : 25,741 
19. Total heat absorbed by cooling coil during season, Btu. . .8,354,881 
20. Equivalent ice meltage during season, tons........ 29.0 
21. Corrected ice meltage during season assuming water to 

the drain of 40 F, tons... baa 27.5 


preceding the start of the compressor. After the win- 
dows were closed in the morning, the indoor dry-bulb 
temperature did not rise sufficiently to start the com- 
pressor until the late morning or early afternoon hours. 
During this time that the house was closed and the plant 
was not operating the indoor relative humidity increased 
and tor a short time the house felt stuffy. Odors were 
also somewhat noticeable ‘at this time. When the plant 
was started, both the slight discomfort and the odors dis- 
appeared. During the Series 4-34 tests, for which the 
windows were not opened, the plant operated either con- 
tinuously or at short intermittent periods over the whole 
24 hours, and no discomfort or odors were noticeable. 
The admission of outdoor air for ventilation amounting 
to approximately one air change per hour was effective 
in overcoming any odors. At night, a temperature of 
80 F was not entirely comfortable for a person lying 
down. The bed prevented the circulation of air over 
part of the body and the remaining surface was appar- 
ently not sufficient for effective cooling. It is therefore 
possible that sleeping quarters should be cooled to a 
somewhat lower temperature than living quarters. 

On the three tests, Nos. 22-34 to 24-34 inclusive, for 
which the average indoor temperature was above 81 F, 
the maximum temperatures attained during the day were 
84.5, 85.2, and 86.0 F. During these times the house 
was distinctly uncomfortable to the occupants. On com- 
ing in from outdoors an observer would be satisfied for 
a short time owing to the contrast, particularly if the 
outdoor temperature was approximately 100 F. This 
effect was not lasting, however, and indoor temperatures 
as high as 85 F do not seem desirable unless relative 
humidities lower than those obtained at the Research 
Residence are readily attainable. 

Table 3 gives a summary of total quantities obtained 
for the season of 1934. The total of 2,657.5 deg hours 
above 85 F, Item 3, indicates that this season was severe 
as compared with those for 1933 and 1932, for which 
the degree hours above 85 F were 2,309.3 and 1,470.7 
respectively. This was caused by the comparatively large 
number of days on which the outdoor temperature rose 
above 90 F. The hours above 85 F for the seasons of 


1934, 1933, and 1932 were 481.5, 493.2, and 329.1 re- 
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spectively, while those above 90 F were 224.1, 208.4, 
and 121.8. 

It is of interest to note that the total heat absorbed 
during the season with the two methods of operating 
the Residence from June 20 to September 16 was 
8,354,881 Btu, which was equivalent to an ice meltage of 
29.0 tons. It is not usual to reject the water to the drain 
at a temperature of 32 F in the case of an ice plant. 
On the assumption that the water is rejected at approxi- 
mately 40 F and that advantage is taken of this additional 
cooling effect, an equivalent ice meltage of 27.5 tons 
would be obtained as shown by Item 21. This equivalent 
tonnage would have been slightly increased if the plant 
had been in operation about May 15. However, the few 
hot days in the latter part of May and the early part 
of June were accompanied by cool nights, and by 
employing night cooling with outdoor air, it would not 
have been necessary to start the plant during this time 
with the exception of not more than five days. The 27.5 
tons may, therefore, be regarded as representative of the 
whole season’s requirements under the existing condi- 
tions of operation. This figure is not comparable with 
the 43.3 tons of ice actually used during the summer of 
1932. For the 1932 season the windows remained closed 
during the whole period from June 1 to October 1, and 
no advantage was taken of the possible supplementary 
cooling with outdoor air at night. Furthermore, for 
one-half of the season no awnings were used on the win- 
dows. For the work in 1934, full advantage was taken 
of cooling with outdoor air at night for a large part of 
the season and the Residence was equipped with awnings 
during the whole season. The 27.5 tons is to a certain 
extent comparable to the estimated 19 tons for the 
season of 1933 obtained under conditions of night cool- 
ing with the fan in the forced-air heating system and 
windows on both stories opened; if it is recognized that 
the season of 1934 was more severe than that of 1933, 
that the maximum amount of ice used per day was 
limited to 700 Ib during the season of 1933, and that 
night cooling with the windows opened on both stories 
during the season of 1933 was somewhat more effective 
than similar night cooling with second story windows 
only opened during the season of 1934. 

A discussion of comparative costs is not conclusive 
unless unavoidable differences in existing conditions are 
fully recognized. However, the total cost for electricity 
and water for the season’s operation under local condi- 
tions, is of some interest. The total electrical input to 
the compressor and fan, including the input to the fan 
during night cooling, as shown by Item 17, was 1411.4 
kwhr. Therefore at the local rate of 0.031 per kwhr 
the cost for electrical current was $43.75. The total 
amount of water used, as shown by Item 18, was 25,741 
gal. At the local rate of $0.37 per thousand gallons the 
total cost for water was $9.52. Hence, the total cost for 
electricity and water under the conditions of operation 
was $53.27. As previously mentioned, if the cooling 
plant had been operated from May 15 to September 16 
instead of from June 20 to September 16, this figure 
would have to be slightly increased. However, the sea- 
son would not have been increased by more than five 
days on which cooling was necessary and the plant would 
have had to operate during only a small portion of each 
day. On the other hand, if supplementary cooling with 
outdoor air had been used during the whole season a re- 
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duction in this cost would have been probable. There- 
fore, it seems reasonable to regard $60.00 as the approxi- 
mate cost for electricity and water for the season of 1934. 


Conclusions 


The following conclusions may be drawn as applying 
to the Research Residence and the conditions under 
which the tests were conducted: 

(1) An indoor temperature of approximately 80 F with rela- 
tive humidity below 55 per cent results in satisfactory 
comfort conditions in the living quarters of a residence. 
For complete comfort in sleeping quarters a somewhat 
lower temperature is desirable. 

(2) The introduction of approximately one air change per 
hour of outdoor air for the purpose of ventilation is 
sufficient to prevent objectionable odors. 

(3) A mechanical refrigeration unit capable of producing 2% 
tons of refrigeration is sufficient to maintain condi- 
tions of comfort on two stories of a residence similar to 
the Research Residence when the outdoor temperature 
does not exceed 103 F, and an amount of outdoor air 
equivalent to one air change per hour is used for the 
purpose of ventilation. 


The use of the fan in the forced-air heating system to 
circulate outdoor air at night amounting to 9.5 air 
changes per hour is not as effective in cooling the resi- 
dence as a whole when the second story windows only are 
opened as it is when windows on both stories are opened. 


(4 


The cooling load during the daytime can be reduced by 
supplementing artificial cooling during the day with cool- 
ing by means of outdoor air circulated at night. 


~ 
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(6) Satisfactory cooling with outdoor air at night probably 
cannot be accomplished by employing less than 9 air 
changes per hour. The gain arising from the use of more 


than 30 air changes per hour is very small. 





Heating a Building with Cold Water 


Air conditioning equipment of the reversible-cycle 
refrigerating type, adaptable to either heating or cooling, 
depending on the season, is now in operation in the new 
building of the Atlantic City Electric Co. at Salem, N. J. 
The building is a two-story and basement, brick and 
steel reinforced concrete structure, insulated, and of 
modern design. 

Installations of a similar type have been made pre- 
viously and in the majority of cases have depended on 
outdoor air as the source of heat. In the Atlantic City 
Electric Co. building, the heat is drawn from a well 
of water, which maintains a nafural temperature of at 
least 56 deg in the coldest weather. The heat is trans- 
ferred from the water to the refrigerant in a large water 
cooler, with the water leaving the cooler at about 40 deg. 
In the compression cycle, the temperature of the re- 
frigerant is raised to 135 deg and it gives up its heat 
to the air within the building by passing through a con- 
denser, over which air is circulating. 

In summer, this condenser will serve as a cooling 
surface to cool and dehumidify the air and the heat thus 
absorbed will be dissipated by the water cooler, acting 
as a water heater. Humidifiers for winter use, air filters, 
and a high velocity fan and air circulating system com- 
plete the air conditioning apparatus, maintaining close 
automatic control of both temperature and humidity 
within the building in summer and winter. 








The Thermo-Integrator—a New Instrument 


for the Observation of ‘Thermal Interchanges 


By C..E. A. Winslow' and Leonard Greenburg,’ New Haven, Conn. 
(MEMBERS) 


HERE are four distinct external factors which 

may govern the interchange of heat between the 

human body and its environment—the temperature 
of the air and the velocity of movement of the air (gov- 
erning both convection and evaporation), the relative 
humidity of the air (governing evaporation), and the 
temperature of surrounding surfaces (governing radia- 
tion). Students of air conditioning have for over a cen- 
tury been seeking, and are still seeking, for the simplest 
and most accurate method of measuring these four fac- 
tors and their combined effect upon human comfort. 

The classic instrument in use is the thermometer but, 
while this instrument registers one of the four factors 
accurately, it gives no measure of either air movement 
or relative humidity and is affected only in slight and 
variable degree by radiation. The wet bulb thermometer 
brings a second factor, relative humidity, within the 
scope of observation and the Radif thermometer of 
Lindsay (1933)* gives us some measure of radiation, 
although a very imperfect one, on account of the size 
and construction of the instrument. 

Over a century ago Heberden (1826)* realized the 
importance of recording the influence of air movement 
and introduced a new principle into the practice of 
thermometry. He heated his thermometer to above 120 
F and observed the time taken by the mercury level to 
fall for a given distance, under the cooling influence of 
the air. This is, of course, the principle later developed 
by Hill (1913),° Hill, Griffith and Flack (1916),° Hill 
(1919),* Hill (1923 a and b),** in the construction of 
the Kata-thermometer, which has proved an admirable 
instrument for measuring the two factors of air tem- 
perature and air movement. By adding a wet bulb the 
factor of relative humidity was also brought into the 
picture, and Hill believed that his wet Kata represented 
better than any other instrument the combined influ- 
ence of all atmospheric factors upon the human body. 
Later studies have shown, however, that this is only 
even approximately true at certain temperatures and 
the range of the wet Kata is so narrow that it has not 
proved of very great value in practical ventilation studies. 

About 10 years ago a great deal of attention was de- 
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voted to the problem of measuring the combined influ- 
ence of air temperature, air movement and relative hu- 
midity by methods which depended on the same prin- 
ciple introduced by Heberden—rate of heat loss from 
a heated body. Only instead of measuring heat loss 
by the rate of cooling of a previously heated bulb the 
devices now introduced, the Comf-thermometer of Hill 
(1923)** and the Comfortimeter of Phelps (New York 
State Commission, 1923)'® both depended on a con- 
tinuous constant supply of heat to the instrument and 
a record of the temperature resulting from the balance 
between this heat input and the loss from the surface 
of the instrument itself. The Hill device measured the 
air temperature and the air movement while that of 
Phelps was covered with a wet cloth so as to be affected 
by relative humidity as well. 

At the same time, the Research Laboratory of the 
A. S. H. V. E. (1923),'* introduced an interesting new 
idea into ventilation practice—that of Effective Tempera- 
ture. This involved no new instruments but merely the 
use of a single index expressing the combined effect of 
temperature, air movement and relative humidity upon 
comfort, as determined empirically by experiments with 
human beings. 

During the past few years this entire subject has 
entered upon a new phase with a growing recognition 
of the importance of the fourth factor governing heat 
loss from the body—radiation. According to the com- 
putations of Aldrich (1928)** radiation actually accounts 
for nearly half the total heat loss from the normally 
clothed body and yet none of the instruments mentioned 
above measure this factor with any degree of accuracy. 
In addition to the crude Radif-thermometer mentioned 
previously, three interesting instruments have been de- 
scribed to record radiation effects. The simplest of 
these, which takes account of air temperature and radia- 
tion only, is the Globe thermometer of Vernon (1923)."* 
This is simply an ordinary mercury thermometer en- 
closed in a 6-in. or 9-in. sphere of blackened copper. The 
other two new instruments measure air movement as 
well, since they are maintained at a temperature above 
that of the atmosphere. 

The Coolometer of Weeks (1931)** consists of a cop- 
per spool about | in. in diameter and 2 in. long, wound 
with small copper and manganin wires to constitute a 
combined heating cell and resistance thermometer. A 
thin shell is fitted over the spool to serve as a cooling 
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surface, silvered to measure the influence of air tempera- 
ture and air movement, or blackened to include radia- 
tion effects as well. The instrument is maintained at 
a constant temperature and the current necessary to 
produce this result gives the measure of cooling power. 

A more elaborate instrument operating on the same 
general principles had been described in England by 
Dufton (1930)**® and more fully by the same author two 
years later (Dufton, 1932).'* This device, called the 


Eupatheoscope, is a blackened copper cylinder 22 in. 


high and 7#4' in. in diameter, preliminary studies hav- 
ing indicated that a body of approximately this size was 
necessary to imitate the relative effects of radiation upon 
the human body. The surface of the cylinder is main- 
tained at 75 F, by two electric bulbs controlled by a 
thermostatic element. A portion of the current supplied 
to the lamps passes through a coil wound round a mer- 
cury thermometer and this thermometer furnishes a 
measure of the heat input necessary to maintain the 
skin temperature of the cylinder at the desired point. 
This thermometer reads on an arbitrary scale of so-called 
equivalent temperature. A simplified form of this in- 
strument is extensively used in England as a device for 
controlling radiant-heating systems in actual operation. 

The Eupatheoscope is an ingenious and valuable in- 
strument for the measurement of cooling effects in ordi- 
nary occupied rooms; but its range is rather narrowly 
limited. It obviously ceases to operate when the environ- 
ment is so warm as to raise the temperature of the cylin- 
der above 75 F, or so cool as to exceed the power of 
the lamps to maintain that temperature of 75 F. Wil- 
lard, Kratz and Fahnestock (1933)** have made certain 
modifications of the instrument, which render it some- 
what more flexible. 

lor the purposes of the studies planned in the John 
B. Pierce Laboratory the range of the Eupatheoscope 
was far too narrow, since it was desired to include some- 
what extreme conditions of both hot and cold environ- 
ments. It was decided, therefore, as suggested by Prof. 
A. V. Hill (1932), to reverse the Dufton principle of 
maintaining a constant surface temperature and measur- 
ing heat input and, instead, to supply a constant heat 
input and record the surface temperature resulting un- 
der various environmental conditions. The instrument 
devised along these lines, which has been called the 
Thermo-Integrator, has proved so useful that it seems 
desirable to describe it at this time. 


Description and Mode of Operation of the Thermo- 
Integrator 


The Thermo-Integrator, Fig. 1, consists of a hollow 
copper cylinder 24 in. long and 8 in. in diameter with 
hemispherical ends, the metal being approximately 0.05 
in. in thickness. Each end is provided with a cylindrical 
nipple '% in. in bore and about 1 in. in length, the nip- 
ples being threaded on the outside. Over each end 
nipple is fitted a brass cap suitably threaded and pro- 
vided with a central opening. Through one of these 
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brass caps there passes a piece of brass rod about % 
in. in diameter while through the other a piece of cop- 
per tubing % in. in diameter is inserted. Both the 
rod and the tube are insulated from the shell by means 
of rubber stoppers through which they are inserted. A 
suitable length of No. 24 Nichrome wire serves to join 
the two inside ends of the brass rod and copper tube. 
The tube and rod in this way serve as terminals for the 
Nichrome filament which is the heating source for the 
instrument. In addition, the cylinder is evacuated to 





Fig. 1—The Thermo-Integrator 


less than 0.1 per cent of an atmosphere through the 
copper tube, a procedure which aids in maintaining a 
rather uniform surface temperature by minimizing con- 
vection currents and air stratification within the instru- 
ment. The heater circuit is connected to two 6-volt 
storage batteries and adjusted to dissipate 21.5 w of 
energy. This is equivalent to a heat dissipation by the 
instrument of 17.5 Btu per square foot per hour. 

The copper cylinder was made in two parts from two 
large sheets of copper by the well known metal spinning 
process, after which the parts were trimmed to dimen- 
sions. The two halves of the cylinder were then soldered 
together, after which the whole was electroplated so as 
to make an air-tight vessel. The two nipple ends pre- 
viously described were turned on a lathe separately and 
then soldered in place prior to electroplating. 

Eight iron-constantan thermocouples (Fig. 2) were 
distributed over the periphery of the Thermo-Integrator 
in order to record its surface temperature. The thermo- 














January, 1935 


couples were arranged in a parallel circuit and connected 
to an automatic recorder so as to obtain the average 
surface temperature. In this manner it was easily pos- 
sible to obtain a continuous record of the average sur- 
face temperature of the Thermo-Integrator. 

The mode of operating the Thermo-Integrator is ex- 
ceedingly simple; the steps may be enumerated as fol- 
lows : 

(1) Make proper electrical connections to the filament of 
the Thermo-Integrator to supply a constant energy input. Two 
6-volt storage batteries, floated by a 4-amp Tungar battery 





Physical Dimensions 


Length of Thermo-Integrator 24" 
Diameter 8" 
Surface Area 605 sq.in. or 
4.187 sq. ft. 
Mass 5640 grams or 
12.43 lbs. 


8.89 gms/cc,. 
0,094 





Density (Copper) 
Specific Heat 








ome coatianes 


16" 
20" 


f--* Heating Circuit 
Pee cece eh mo owe com Heater Wire #24 Nichrane 
— Diameter 0.020" 
Length of Heater Wire 60 coms. 




















Fig. 2—The Thermo-Integrator, 
showing the location 
of thermocouple elements 





charger were used to supply a constant current of 2.5 amp. The 
voltage drop across the filament is determined from time to 
time to insure the proper wattage input to the instrument. 

(2) Set the instrument up under the atmospheric conditions 
the effect of which is to be recorded and allow time (ordinarily 
about half an hour) for equilibrium to be established. 

(3) Determine the surface temperature of the Thermo-In- 
tegrator. Make ambient air temperature measurements. 


Values and Limitations of the Instrument 


The surface temperature of the Thermo-Integrator is 
obviously affected by the three factors of air tempera- 
ture, air movement and radiation, and unaffected by the 
fourth factor, relative humidity. No one has yet had 
the temerity to devise an instrument which will record 
all four factors simultaneously although it might be done 
by adding a moist covering to the Eupatheoscope or the 
Thermo-Integrator. 

If one of the four factors is to be ignored for the 
present it seems that relative humidity is the one to 
neglect. Evaporation, while exerting a major influence 
at high temperatures, accounts within the ordinarily com- 
fortable temperature range for less than a quarter of 
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the total heat loss from the body and rather wide varia- 


‘tions in relative humidity within this temperature range 


cause relatively slight changes in this proportion. At 
an atmospheric dry-bulb temperature of 70 F, with 20 
per cent relative humidity, the evaporative heat loss 
from the body of an average man is about 115 Btu per 
hour, while at the same atmospheric temperature with 
95 per cent relative humidity, it is reduced only by 30 
stu per hour (Houghten, Teague, Miller and Yant, 
1931).** Thus, an enormous change in relative humidity 
has only a moderate effect upon total heat loss. 

It is hoped, of course, that the Thermo-Integrator may 
serve as a reasonably satisfactory instrument for rep- 
resenting the total effect of the environment, excluding 
relative humidity, upon human health and comfort. 
Comparative studies of an elaborate nature are now un- 
der way to determine this point. It may be noted, how- 
ever, that several factors suggest the probability that 
the instrument may be serviceable in this way. In gen- 
eral, its heat input of about 17 Btu per square foot of 
surface area corresponds closely to the heat production 
of the human body per square foot of surface area. The 
actual surface temperature of the Thermo-Integrator is 
of course far more variable than that of the human 
body, being 10-12 deg above that of the air when there 
is no marked air movement and slight radiation effect. 
It seems prubable that the instrument may tend to over- 
emphasize radiation effects (since in still air it loses two- 
thirds of its heat by radiation, while Aldrich’s figures 
would suggest that the human body loses by radiation 
only three-fifths of the total heat loss minus the evapora- 
tive heat loss). It is also very markedly influenced by 
air movement. How valuable the Thermo-Integrator 
may be as a general measure of atmospheric comfort, 
only subsequent studies will determine. 

It is certain, however, that this instrument has very 
great value from another angle—as a means of recording 
the total radiation effects of a given environmental con- 
dition. In an ordinary room, variations in radiation 
effects, from windows and walls, from sources of heat 
and light, and from the bodies of other occupants, are 
extremely variable and almost impossible to sum up 
accurately by any method of direct measurement. The 
Thermo-Integrator automatically summates all such 
radiation effects and, after calibration, can be used to 
measure them after subtracting from its total heat loss 
the losses which would be caused by the temperature and 
velocity of the air as directly measured under the given 
conditions. It is largely on account of its value for this 
purpose that the instrument is described at this time. 
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Unit Air Cooling Equipment Classified by NRA 


The National Recovery Administration has approved 
the request of the Unit Air Conditioner Manufacturers’ 
Association to have all air conditioning machinery and 
incidental equipment built with or adapted for a cooling 
or refrigerating medium classified under the Refrigerat- 
ing Machinery Industry Code. 

This action is an important and constructive contri- 
bution to the coordination of closely related industries 
under one code rather than under several separate codes. 
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A Laboratory Study of Minimum Ventilation 
Requirements: Ventilation Box Experiments 


(NON-MEMBERS ) 


Boston, Mass. 


This paper is the result of research conducted at Harvard University, 
School of Public Health, in cooperation with the Research Laboratory 
of the American Society oF HEATING AND VENTILATING ENGINEERS. 


HE purpose of this work was to study by labora- 

tory tests the relationship between the intensity of 

body odor in an occupied space and the quantity of 
fresh air supplied, the factors affecting odor intensity, and 
finally the possibility of utilizing odor intensity as an 
index of minimum ventilation requirements. 

It is generally recognized that in crowded and poorly 
ventilated rooms the air acquires a disagreeable odor 
which is especially repulsive upon entering from clean 
outside air. Just what is the characteristic “human smell” 
we do not know. It is believed to be a compound odor 
arising from emanations of sebaceous secretion, especially 
when personal hygiene is defective, from decaying teeth, 
infected tonsils, from the stomach, bowels, skin, etc. 

There is considerable difference of opinion whether 
pollution of room air by such offensive odors should be 
considered a public health matter. Many health authori- 
ties are of the opinion that, while such odors may be 
offensive, they are not directly poisonous nor are they 
known to cause any specific and lasting disease. The 
odor, nevertheless, may be so offensive as to cause reflex 
digestive and other systemic disturbances which may 
interfere with growth and general activity. According 
to the studies of the New York School Committee on 
Ventilation® there is a reduction in appetite and a dis- 
inclination for physical work. 

Fortunately, or unfortunately, the occupants of a 
smelly room lose their ability to recognize the odor soon 
after entering, but this does not necessarily mean a loss 
of effect. Breathing fresh air restores the ability to 
recognize the odor anew. To obtain a comparison of 
odor intensities, therefore, one should always pass di- 
rectly from fresh air to the odorous air and note the odor 
sensation immediately. For an excellent brief discussion 
of the anatomy and physiology of the sense of smell, the 
reader is referred to a recent review by Fair.* 

Next to the thermal condition of the air as indicated 
by its temperature and humidity, the intensity of odor 
observed upon entering an occupied room from outside 
fresh air furnishes the most valuable evidence of good 
or bad ventilation. The general agreement is that a cer- 
tain amount of fresh air from outdoors is necessary at 
all times in order to dilute the odoriferous matter to a 


1Graduate Student, Harvard Engrg. School, Dept. of Sanitary Engrg. 
*Graduate Student, Harvard School of Public Health, Dept. of Indust. 
Hygiene. P 

bReport of the New York State Commission on Ventilation, E. P. 
Dutton Co., New York, 1923. 

‘Fair, G. M.: On the Determination of Odors and Tastes in Water, 
Jour. of New England Water Works Ass'n, XLVII, Sept., 1933. 

For presentation at the 41st Annual Meeting of the American Socrety 

or HEATING AND VENTILATING ENGINEERS, Buffalo, N. Y., January, 1935. 





44 


concentration that is not objectionable. The amount 
needed varies so much under various conditions that it 
seemed advisable to study the problem first in the labora- 
tory where the various factors can be controlled. The 
results of the present study are, therefore, limited to the 
laboratory conditions under which they were obtained. 


Apparatus 


The experiments were carried out in the psychrometric 
laboratory of the Harvard School of Public Health. 
Male subjects of various body weights and heights were 
confined, one at a time, in an airtight wooden box, 1 ft 
8 in. X 1 ft 8 in. X 6 ft 4 in. long, which was placed 
inside the psychrometric chamber and connected to the 
supply and exhaust system of the air conditioning plant. 
The interior of the box was painted with three coats of 
waterproof paint. Two windows on the top admitted 
sufficient light for reading or writing. Clean outdoor air, 
conditioned and metered, was introduced at the head end 
of the box through a 4 in. galvanized duct, and distrib- 
uted uniformly along the length of the box by the use 
of a U-shaped perforated manifold inverted over the 
head of the subject. The used air was exhausted through 
a similar pipe, at the foot end of the box, leading to the 
exhaust fan of the psychrometric room. 

Suitable holes having the shape of the nose were cut 
in the exhaust pipe for smelling the air coming out of 
the box. 

The ventilation rate through the box was measured 
by the use of calibrated orifices in the supply pipe. It 
was controlled by means of a damper and by regulating 
the speed of an auxiliary direct-current fan unit. 

Dry and wet bulb thermometers in the supply and 
exhaust pipes, close to the box, showed the increase in 
temperature and moisture content of the ventilating cur- 
rent in passing through the box. In addition we recorded 
the temperature of the air at various points inside the 
box in order to obtain the average box temperature. 


Procedure 


Trained subjects came to the laboratory, one at a 
time, about 9 a. m. or 1 p. m. and lay quietly and com- 
fortably on a cot or in the open box for a preliminary 
resting period of one-half to two hours, depending upon 
previous activity. At the end of this period the subjects 
were weighed and closed in the box where they lay 
against the bare wooden bottom with only a small pillow 
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under the head. The desired test conditions being fixed 
in advance, the subjects remained in the box until the 
odor intensity, temperature, and humidity of the air com- 
ing out of the box reached a steady state. This usually 
took one to two hours depending upon the rate of air 


flow and temperature. In some experiments the test 
period was prolonged to four hours or more. 

The subjects in the box kept records of their own 
pulse, body temperature, respiration rate, comfort, and 
general impression as to air quality. Their spare time 
was usually taken up by reading. Altogether 10 men, 
between the ages of 20 and 37 years, served as subjects. 
They were apparently healthy and had normal personal 
habits. 

Observations of odor intensity were made by 15 
trained judges, including smokers and non-smokers, who 
first smelled the odorless air in the psychrometric room 
(air circulation through room at least 750 cfm per per- 
son all from outdoors) for a few minutes, and then the 
air coming out of the box, through the openings pro- 
vided on the side of the exhaust pipe. One to three 
breaths at the most gave full response to odor. The 
judges were employes of the school. As many of the 
15 as it was possible to get hold of in each experiment 
were called in when needed. They voted confidentially 
according to the scale in Table 1, without knowing par- 
ticulars about the test conditions. Their records were 
finally averaged for each test and the mean odor intensity 
plotted against the corresponding air flow. 


Table 1—Sensory Intensity Scale of Body Odor 


Opor 
INTENSITY CHARACTERISTIC QUALIFICATION 
INDEX TERM 

0 None No perceptible odor. 

VA Threshold Very faint, barely detectable by trained 
judges; usually imperceptible to untrained 
persons. 

1 Definite Readily detectable by all normal persons but 
not objectionable. 

2 Moderate Neither pleasant nor disagreeable. Little or 
no objection. Allowable limit in rooms. 

3 Strong Objectionable. Air regarded with disfavor. 

4 Very strong Forcible, disagreeable. 

5 Overpowering Nauseating. 


The zero base of the scale is, of course, not absolute 
but it represents the sense of smell of the air in the 
psychrometric room and in the supply to the box, the latter 
being a portion of the air stream leading to the psychro- 
metric room and differing from it in temperature only. 
As the entire air conditioning system, including ducts and 
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registers had been washed thoroughly prior to this study, 
it would be reasonable to assume that the air in the 
psychrometric room did not differ appreciably in smell 
from the air out of doors. An odor strength of zero was 
not recorded in any box experiment with air flows up 
to 50 cfm, as compared with the controlled air flow of 
750 cfm per person in the psychrometric room. 

Odor index No. 2 depended to some extent on the 
sensitivity or tolerance of the judges to smell, but with 
the exception of two women, the records of the men 
agreed within + '% point or less on the 5 point scale. 
As a rule the two women judges voted higher than the 
men. Before training, the judges preferred to record 
odor strength in whole numbers, but afterwards they felt 
confident enough to vote to the nearest half division on 
the scale. Likewise, the threshold intensity index de- 
clined from 1 before training to % after training. 

For full response, the smelling of the odor had to be 
done in one to three breaths at the most, and the mucous 
membranes had to be neither too moist nor too dry. 
Blowing the nose lightly just before smelling helped in 
all cases. 

It was often necessary to wash with soap and rinse 
out thoroughly the inside surfaces of the box, fan, and 
exhaust duct, so as to begin all experiments with an 
odorless box. This is an important point because it has 
a bearing on the claim sometimes made to the effect that 
odors in occupied rooms cannot be controlled by ventila- 
tion. A properly ventilated room never gets to that 
stage. On the other hand, a poorly ventilated room 
would require many hours of flushing with clean air to 
get rid of the odor absorbed by the walls, furnishings, 
clothing, etc. 

In parallel with these observations a series of physio- 
logical tests was carried out, the results of which will be 
presented in another paper. 


Results 


Odor Strength in Relation to Ventilation Rate and Body 
Surface Area 


In Fig. 1 are shown the results of all experiments with 
79 F 


box temperatures between 65 and 72 Proceeding 


from the point of maximum odor intensity 5, which cor- 
responds to air flows under 1 cfm, the odor intensity 
decreases rapidly as the ventilation rate increases to about 
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Body Surface Aree = 19.0-20.5°" 
body Surface 
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Fig. 1—Odor intensity in relation to 
ventilation rate and body surface area 
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10 cfm. After that the decrease in odor intensity is 
gradual, varying almost inversely as the air flow to the 
first power. According to Fig. 1, the minimum outdoor 
air supply per person necessary to prevent the accumu- 
lation of objectionable body odor in the air of the box 
varied from 13 cfm for subjects with body surface areas 
between 16.5 and 18.9 sq ft, to 27 cfm for surface areas 
between 19.0 and 20.5 sq ft. The average adult has a 
surface area of 19.5 sq ft. 

From this it would seem that body surface area is a 
very important factor affecting the amount of odorifer- 
ous matter given up to the air. The relationship is now 
being studied more thoroughly in ordinary rooms using 
school children for subjects as well as adults. 

Complete elimination of odoriferous matter in the air 
of the box was never attained in any of the experiments 
with ventilation rates up to 50 cfm, This comparatively 
high air supply was barely sufficient to reduce the odor 
intensity to the threshold (intensity index '% ). 

The variability of the results, as shown by the disper- 
sion of individual points from the general trend, is to be 
expected in tests of this nature. The frame of mind, per- 
sonal hygiene, type and amount of food eaten, days be- 
tween last bath and change of underwear to the day of 
test, proved to be factors influencing the results. Some 
of these were controlled, more or less, by selecting sub- 
jects of normal habits; others by training. 

In experiments on a larger scale, such as the ones that 
are now being carried on in ordinary rooms with as many 
as 14 subjects at a time, the personal factors seem to be 
so nicely balanced as to yield very much better results. 


The Influence of Temperature on Odor Intensity 


In Fig. 2 the results of all experiments are classified 
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in the box. A rise in temperature is associated with an 
increase in odor intensity, owing probably to increased 
perspiration, but the effect is not so great as is generally 
believed. The minimum ventilation requirements for the 
three different temperature ranges are about 20 cfm at 
65-72 F, 24 cfm at 72-79 F, and 30 cfm at 79-86 F, 
under the experimental conditions. The last air flow is 
substantially that demanded by ventilation laws and 
codes in several states and cities of the U.S. A. 


Humidity in Relation to Odor Intensity 


Little confirmation could be found for the general 
belief that high humidities intensify the odor of occupied 
rooms. As can be seen in Table 2, the difference in odor 
intensity at relative humidities over 40 per cent (40-90 
per cent) and under 40 per cent (15-39 per cent) is too 
small to deserve mention. 


Air Quality in Relation to Air Supply 


Despite the high odor intensities reported by the 
judges, who compared the fresh air going into the box 
with the used air coming out of the box, the subjects 
inside the box were as a rule unconscious of odor, owing 
to olfactory adaptation, except for a sensation of stale- 
ness, flatness, or lack of freshness in the air as perceived 
by the sense of smell. Such sensations constituted, in 
fact, the chief criterion of bad air in the opinion of the 
subjects. Complaints of this sort were most frequently 
associated with ventilation rates under 5 cfm even when 
the air was neither too warm nor too cool. A few of the 
subjects claimed to have actually smelled a weak body 
odor throughout the test period with ventilation rates up 
to about 10 cfm. 

Table 3 shows the impressions of the subjects as to 











in three groups according to the temperature of the air air quality under various ventilation rates. Since air 
Table 2—Influence of Humidity on Odor Intensity (Judges’ Impressions) 
OvurTpoor AVERAGE Box TEMPERATURE 
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January, 1935 


Table 3—Subjective Impressions of Air Quality in Relation to 
Air Supply 
(Under comfortable conditions of temperature and humidity) 
OvrTboor 
AIR SuPPLy 
CFM 77 N umBer oF Susyects Recorpinc-—————, 


PER PERSON EXCELLENT Goop FAIR Poor Bap CONSENSUS 
1-2 i. ‘as — ~~ 2 Bad 
4-5 1 1 4 fe Poor 
6-8 + 2 2 Fair to good 
9-11 2 3 5 1 Fair to good 
12-16 1 3 1 Good 
17-20 5 2 Excellent 
21-35 4 1 4 7 Good 
36-50 1 1 9 “— ‘im Fair 


quality depends so much upon temperature and humidity, 
all experiments in which the subjects were conscious of 
heat or cold, excessive moisture, or dryness, have been 
excluded from Table 3, with but two exceptions. In 
the two special cases the ventilation rate was under 2 cfm 
and therefore, the humidity inside the box was neces- 
sarily high. The box temperature was kept at a comfort- 
able degree by cooling the psychrometric room, rather 
than by excessive cooling of the ventilating current. Such 
a condition of high humidity would exist in any occupied 
room when the ventilation rate is reduced to 2 cfm per 
person, or less, regardless of moisture content in the 
air supplied. The impression of air quality will therefore 
be affected by the coexisting factors of excessive humid- 
ity and odoriferous matter in the air. To some extent 
this holds true with air flows up to about 5 cfm, unless 
the moisture content of the ventilating current is kept 
low, so as to maintain normal humidities in the occupied 
space, as was done in the experiments shown in Table 3. 

Keeping this in mind, it can be seen in Table 3 that 
with ventilation rates under 5 cfm the air quality was 
poor to bad; at 10 cfm it was found to be good or fair, 
and at about 20 cfm it was excellent. Ventilation rates 
in excess of 10 cfm impaired the quality of air under 
the experimental conditions, owing to an indescribable 
irritating sensation produced by non-chilling drafts. The 
objection was more serious with chilling drafts, but such 
experiments are not included in Table 3. This is clearly 
a limitation of the experimental method ; the box was too 
small for the high air flows. Nevertheless, similar com- 
plaints often occur in ordinary rooms with ordinary dis- 
tribution systems, when the circulation rate exceeds 
20 cfm. 

The judges’ impression of air quality depended largely 
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on the intensity of odor which they could smell to the 
fullest extent. The less the odor, the better the air. But 
since there was always a certain amount of odor in the 
box exhaust under all air flows by comparison with fresh 
outdoor air, the air of the box was never perfect in the 
opinion of the judges. This is, of course, a theoretical 
standard not easily realized in practice. 

The outstanding point on which both judges and sub- 
jects agreed is that the quality of air is impaired when 
the outdoor air supply falls below 10 cfm per person even 
under the most favorable conditions of temperature and 
humidity. This is well in accord with the experience of 
the New York State Commission on Ventilation*® and of 
Eberle and Raiss.° 


Summary 


A definite relationship was found to exist between 
intensity of body odor in the air of an occupied space 
and quantity of fresh air supplied, by confining human 
subjects in an airtight box and smelling the air coming 
out of the box. 

With ventilation rates of 5 cfm per person or less, 
the odor was as a rule disagreeable and the air was 
regarded with disfavor by both judges and subjects, 
although the latter were not conscious of odor except 
for a sensation of staleness, flatness, or lack of freshness 
in the air as perceived by the sense of smell. 

Under ordinary room temperatures (65-72 F), the 
minimum outdoor air supply per person necessary to pre- 
vent the accumulation of objectionable body odor in the 
air of the box varied from 13 cfm for subjects with body 
surface areas between 16.5 and 18.9 sq ft, to 27 cfm for 
surface areas between 19.0 and 20.5 sq ft. The average 
adult has a surface area of about 19.5 sq ft. Humidity 
had little or no effect. 

Complete elimination of odoriferous matter in the air 
of the box could not be obtained with ventilation rates 
up to 50 cfm per person. 

In the light of this preliminary study it would seem 
that the intensity of body odor in occupied rooms can 
be taken as a satisfactory index of minimum ventilation 
requirements. Practical requirements are now being 
studied in ordinary rooms using school children as well 
as adults for subjects. 


8Report of the New York State Commission on Ventilation, E. P. Dut 
ton Co., New York, 1923. 

SEberle, C., and Raiss, W.: Die Heizung von Schulgebauen. 
zum Gesundheits-Ingenieur, 1931, No. 29. 
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Stoker Manufacturers Elect Officers 


J. R. Whitehead, manager of the stoker and research 
divisions, Fairbanks, Morse & Co., Chicago, was elected 
president of the Stoker Manufacturers Association at 
the annual meeting held in Cleveland, Ohio, on Decem- 
ber 10. He succeeds W. H. Rea, Pres., Detroit Stoker 
Co., Detroit, who has served since the last annual meet- 
ing held in June, 1933. R. B. McClave, Pres., McClave- 
Brooks Co., Scranton, Pa., was elected vice-president, 
succeeding Mr. Whitehead. Harry H. Kurtz, Iron Fire- 





man Mfg. Co., was re-elected Treasurer and Mare G. 
Bluth was re-elected Secretary. 





Bishop Humidifier Co. Organized 

Fred R. Bishop, who has been serving as special 
representative for manufacturers of different heating 
equipment, has recently organized the Bishop Humidifier 
Co., with headquarters at 8011 Dexter Boulevard, De- 
troit, Mich., and after several months of testing, has 
placed on the market the Bishop humidifier’ and the 
Bishop automatic water pan filler. 
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Buffalo’s New City Hall 


HERE will be many things in Buffalo to attract mem- 

bers of the Society to the 41st Annual Meeting, opening 

at the Hotel Statler, January 28. The Committee on Ar- 
rangements has promised some innovations and under the active 
leadership of Chairman M. C. Beman, several novel events will 
be introduced. 

All members, ladies, and guests are invited to attend a Get- 
Together Dinner at 6:30 Monday evening, January 28, after 
which they will witness a radio broadcast of the Times Variety 
program from the Terrace Room. This entertainment going on 
the N. B. C. Red network, presents a full hour of diversified 
entertainment with a wide appeal. 
dancing will be in order. 

At 1:00 o'clock on Tuesday afternoon the ladies will have a 
luncheon and card party and at the same hour the Past Presi- 
dents will attend a special luncheon. 

On Tuesday evening, January 29, the Annual Banquet and 
Dance will be held in the ballroom of Hotel Statler with L. A, 
Harding as toastmaster. In the brief formal program, presen- 
tation of the Past President's emblem will be made to C. V. 
Haynes and the president elect will be introduced. There will 
be appropriate music during dinner and plenty of opportunity 
for dancing. 

Members of the Society will start to assemble for the 41st 
Annual Meeting on January 27, when the Council and various 
committees will hold meetings in the Hotel Statler. Registration 
for the meeting will open at 8:30 a. m., January 28, and Pres, 
C. V. Haynes will call the first session to order at 10 a. m. 

Two technical sessions will be held each day and at the con- 
clusion of the meeting on Wednesday afternoon, January 30, the 


Following the broadcast, 


A.S.H. V.E. Annual 


Meeting Program 


new Council will meet for organization. A fine program of 
papers has been prepared and there will be ample opportunity 
for discussion of the subjects presented. 

Several papers have resulted from cooperative work with the 
Committee on Research and the Society’s Research Laboratory 
will report on studies made during the past summer. 

The expense of attending the Annual Meeting will be low 
as hotel rates are moderate and reduced round-trip fares on the 
railroads have been granted under the identification certificate 
plan. Room reservation cards and railroad certificates will be 
mailed to members from the Secretary’s office in ample time to 
make reservations and purchase tickets. The identification cer- 
tificate is good from all points in the United States and Canada 
and must be presented to local ticket agents in order to purchase 
round-trip tickets at a rate of one and one-third fares. One cer- 
tificate may be used by a Society member and his entire family. 

Tickets are good for 30 days and may be used on one route 
for the going trip and an alternate route returning, if this is 
specified at the time of purchasing tickets. At the railroad sta- 
tion in Buffalo, members must have tickets stamped before mak- 
ing the return trip. There is a big saving available to members 
of the Society as their membership gives them the privilege of 
attending meetings under the reduced fare plan. 

At this time the personnel of the Committee on Arrangements 
for the Western New York Chapter are introduced. Their pur- 
pose is to see that everyone has a good time in Buffalo. They 
want every member to attend the regular functions and enjoy 
the entertainment program. 

Be sure to attend the 41st Annual Meeting in Buffalo, January 
28 to 30. 





at least twice during every year, preferab 


with the various matters being handled by them. 


Adopted at Council Meeting, January 2, 1926. 





Method of Choosing Location of, Financing and Conducting Meetings of the Society 


Resolved: That inasmuch as the Annual and Semi-Annual Meetings of the Society come under the jurisdiction of the Council, 
the following rules governing the handling of such meetings be adopted by the Council and published in the Journat of the Society 
a just prior to each meeting: 

1—The Council will select the city in which the Annual or Semi-Annual Meeting is to be held, giving due consideration to the invi- 
tations received from Chapters or members as well as to the advisab‘lity of so distributing those meetings as to make them of the great 
est advantage to the general membership, and to reduce as far as possible the expense of members attending. 

2—That an appropriation be made to cover the entertainment or local expenses, incurred in connection with the meeting not exceeding 
$500.00, the regular meeting expense to be taken care of by the General Fund of the Society in the regular way. 

3—That no iegistration fee or compulsory obligations of any nature be imposed on members or guests. 

4—That the purchase of tickets for banquets or for any other form of entertainment that may be provided be entirely voluntary. 

5—That the grouping of features and the sale of tickets for group features be discouraged. 

6—That the raising of funds from manufacturers of heating apparatus be discouraged. 

7—That the display of samples, or of literature, advertising the product of any manufacturer in any way, shape or form, be not 
permitted at the booths, registration desk, or in or about the meetings. 

8—That the distribution of trade papers be entirely at the discretion of the committee in charge. 

9—That the local Chaper or local members, be empowered to form a General Committee with such sub-committees as may be required 
to handle the details of transportation, hotel accommodations, entertainment, finance, etc., and that this General Committee be requested 
to confer frequently with the Council, through the Secretary of the Society, and to make frequent reports on progress in connection 


10—That the arrangements of elaborate and costly entertainment features be discouraged. 
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Hotel Statler, 
Buffalo, N. Y. 


Program 


41st ANNUAL MEETING 
AMERICAN SOCIETY OF HEATING & VENTILATING ENGINEERS 


Hotel Statler 


January 27 (Sunday) 


2:30 p.m. Meeting of Council. 


January 28 (Monday) 
8:30 a.m. Registration. 
10 :00 a.m. First Session— 


Greeting by L. A. Harding 

Response by C. V. Haynes, President. 

Report of Officers. 

Technical paper : 
Some Recent Studies on the Ashes in Coal, Prof. 

T. G. Estep. 

Reports of Council Committees. 

Report of Committee on Revision of Constitution, 
By-Laws, and Rules. 

Report of Tellers of Election. 


2:30 p.m. Second Session— 


Report of Committee on Research. 
Technical papers : 

Cooling Requirements of Rooms in an Uncon- 
ditioned Office Building, F. C. Houghten and 
Carl Gutberlet. 

Study of Unit Room Coolers in the Research 
Residence, A. P. Kratz, M. K. Fahnestock, 
and S. Konzo. 


6:30 p.m. Get Together Dinner, Hotel Statler. 
7:00 p.m. Meeting Committee on Research. 


8:30 p.m. Times Variety Broadcast—Terrace Room. Dancing 
after Broadcast. 


January 29 (Tuesday) 
9:30a.m. Third Session 


Report of Guide Publication Committee. 
Technical papers: 

Carbon Monoxide Control Instrument for Con- 
trol of Ventilation in Garages by F. C. 
Houghten. 

The Nature of Ions in Air and Their Possible 
Physiological Effects, Prof. L. B. Loeb. 

Large-Ion and the Small-Ion Content of Air in 
Occupied Rooms, by G. R. Wait and O. W. 
Torreson. 





Jan. 28.30, 1935 


Buffalo, N. Y. 


1:00 p.m. Past Presidents’ Luncheon, 
1:00 p.m. Luncheon and Card Party for Ladies. 
2:00 p.m. Fourth Session— 


Technical papers: 
Design of Solar Heaters by Harold L, Alt. 


The Thermo-Integrator—A New Instrument for 
the Observation of Thermal Interchanges, 
C.-E. A. Winslow and Leonard Greenburg. 


A Laboratory Study of Minimum Ventilation 
Requirements: Ventilation Box Equipment 
by W. H. Lehmberg, A. D. Brandt and Ken- 
neth Morse. 


Report of Ventilation Standards Committee. 


7:00 p.m. Banquet and Dance. 


January 30 (Wednesday) 
9:30 a. m. Fifth Session— 
Technical papers : 


The Heat Requirements of Buildings, J. H. 
Walker and G. H. Tuttle. 


Tests of Three Heating Systems in an Indus- 
trial Type of Building, G. L. Larson, D. W. 
Nelson, and John James. 


2:00 p.m. Sixth Session— 
Installation of Officers. 


Technical papers: 


Study of Summer Cooling in the Research Resi- 
dence for the Summer of 1934, A. P. Kratz, 
S. Konzo, M. K. Fahnestock, and E. L. 
Broderick. 


New Business. 
Resolutions. 


4:30 p.m. Council Meeting. 




















NOMINATIONS FOR 1935 








The Nominating Committee appointed to select can- 
didates for Officers of the Society for the coming year, 
1935, submits the following list of nominees: 


l‘or President: 
Joun Howartt, Chicago, IIl. 


For First Vice-President: 
G. L. Larson, Madison, Wis. 


kor Second Vice-President: 
D. S. BoypeNn, Boston, Mass. 


l'or Treasurer: 


A. J. Orrner, New York, N. Y. 


For Members of the Council: 


Three-Y ear Term 


J. F. McIntire, Detroit, Mich. 
ALBERT BUENGER, St. Paul, Minn. 

F, E. Gresecke, College Station, Texas 
W. E. Starx, Cleveland, Ohio 


Respectfully submitted, 
NOMINATING COMMITTEE, 


W. R. Eicuperc, Chairman; 


W. G. Boates, Acting Secretary. 


In accordance with the provisions of the Amended 
Constitution, as given, ballots containing the names of 
the above candidates will soon be sent to the membership 
for voting upon prior to the Annual Meeting in January. 


Art. B-VIII—Section 10. The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 
and alternate selected. 


The Committee shall meet at the Annual Meeting of tlie So- 
ciety at the call of the Secretary of the Society and shall effect 
its own organization and elect its own Chairman. At the Semi- 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue 
of the JouRNAL. 


Art. B-IX—Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem- 
bers, eligible to vote, at least thirty (30) days before the date 
of the Annual Meeting. 





Nominations for Members of Committee 
on Research 


Although committees of the Society are usually ap- 
pointed, in view of the great importance of the Com- 
mittee on Research and the financial responsibility it 
would be called upon to assume, it has been made more 
representative of the entire membership of the Society 
by a process of election. The election is governed by 
the By-Laws for the election of officers, with the single 
exception that Members of the Committee on Research 
are nominated by the Council instead of by a Nominat- 
ing Committee. 


In accordance with the Regulations for the Govern- 
ment of the Research Laboratory, adopted at the Jan- 
uary, 1919, Meeting, and amended January, 1933, the 
Council announces the nomination of the following mem- 
bers of the Committee for election to succeed those 
members whose present terms expire January, 1935: 


Three-Y ear Term 


C. A. Dunya, Chicago, III. 

W. L. FietsHer, New York, N. Y. 
Ecxiiott Harrincton, Schenectady, N. Y. 
A. P. Kratz, Urbana, IIl. 

H. C. Murpny, Louisville, Ky. 


The regulations governing the nomination and elec- 
tion of members of the Committee on Research are as 
follows: 

ArTICLE I]—ORGANIZATION 


Section 1. Committee on Research—There shall be a stand- 
ing committee known as the Committee on Research, consisting 
of fifteen (15) members each serving for three (3) years and 
five (5) retiring each year. The outgoing Chairman if serving 
in that capacity during the last year of his three (3) year term 
on the Committee shall without election become an additional 
member of the Committee on Research for one (1) year. 


(a) The Council shall nominate previous to July first of 
each year five (5) members to fill the vacancies of those 
retiring at the next Annual Meeting. 


(b) The nominations made by the Council shall be pub- 
lished in the October issue of the Society’s Journal. 


(c) Any ten (10) members of the Society eligible to vote 
may present to the Secretary over their signatures, the name 
of one (1) or more additional nominees for the Committee 
on Research, provided such name or names are presented at 
least sixty (60) days prior to the next Annual Meeting, and 
such additional nominations shall be placed on the ballot op- 
posite the nominations made by the Council. 


(d) The election shall otherwise conform to the regulations 
provided for the election of officers of the Society in the Con- 
stitution, By-Laws and Rules. 


(e) Vacancies may be filled by the Council, such persons 
chosen by the Council to serve until a successor is elected 
at the next Annual Meeting. 














Local Chapter Reports 








Cleveland 


November 20, 1934. The November meeting was the occasion 
of a joint gathering with the Heating, Piping & Air Condition- 
ing Contractors Cleveland Association. At 7:00 p.m., 167 mem- 
bers and guests of the two groups assembled in the banquet 
room of the Cleveland Club. During the dinner C. F. Seifried 
and T. O. Murphy uncovered real harmony at the piano and 
all joined in the old favorites which were sung. 

Walter Klie acted as toastmaster and called the meeting to 
order at 8:00 p.mi., but, before he could introduce the speaker 
of the evening, the club manager accompanied by “detectives” 
J. S. O'Gorman and Les Sterns insisted on stopping the pro- 
ceedings in order to locate a statue which had disappeared from 
the lobby. The unsuccessful search, however, brought to light 
some very interesting articles among which were the auditorium 
patents found on Les Avery and a machine in the clothing of 
H. M. Nobis which was said to be dangerous. 

The prize skit of the evening, A Lesson in Salesmanship, was 
enacted by Lou Williams and Walter Rhoton. Mr. Williams as 
Joe Palooka, the star unit heater salesman, ably demonstrated 
that even though he may have been slightly mixed up on his 
Btu's, cfim’s, and rpm’s, his steady gas attack finally left Mr. 
Rhoton in such a weakened condition that he gave him his shop 
as well as the order. 

Monroe Marks, of the Heating, Piping & Air Conditioning 
Contractors Cleveland Association, took the leading part in a 
humorous but instructive sketch on the preparation and filing of 
bids under the new heating code. 

Toastmaster Klie finally restored order and introduced A. R. 
Herske as guest speaker of the evening. Mr. Herske’s subject 
was Prospects for the Heating and Air Conditioning Industry 
and the speaker’s knowledge of the present condition of the 
heating industry in all sections of the country was clearly 
indicated. 

Mr. Herske gave a timely message in his report of results 
being obtained under the modernization section, Title I, of the 
F.H.A. The speaker advised the members that Title II, which 
provides for new construction should be in effect by January 1. 
The opportunities which will be afforded the building industry 
under this act will be reflected in the heating and air condition- 
ing industry in particular. 

A rising vote of thanks was extended to the speaker and the 
meeting adjourned at 10:30 p.m. 

October 25, 1034. The meeting was called to order by Pres. 
M. F. Rather in the Meeting Room of the Cleveland Engineer- 
ing Society, with 24 members and guests present. 

Attention was called to the Cleveland Chapter Membership 
Roster, recently published and distributed to members, and to 
the various committees appointed. F. A. Kitchen, chairman of 
the Membership Committee, requested that all members suggest 
the name of at least one prospective member. 

The meeting was turned over to W. E. Stark, who introduced 
C. V. Haynes, president of the A.S.H.V.E. 

President Haynes gave a general report as to the present 
condition of the Society in regard to membership and _ finances. 
He also stressed the improvements to be found in THE 1935 GuIDE 
and told of the program being prepared for the 41st Annual 
Meeting of the Society to be held in Buffalo in Tanuary. 

W. E. Heavey, engineer of the Great Lakes Division, U.S.A. 
Engineers Corps was presented and gave a very interesting and 
instructive talk on the amount of work continually being carried 
on in order to maintain necessary water levels in the entire Great 
Lakes area. His talk was illustrated with slides, showing some 
of the harbor improvements in the Great Lakes region and flood 
control work now in progress in the Central States. 
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Following these speakers, W. E. Stark entertained with two 
reels of movies of camp life at the National Guard Encampment 
at Camp Perry. 

The meeting adjourned at 10:25 p.m. 


Illinois 

November 12, 1934. The November meeting of the Illinois 
Chapter was held at the Hotel Sherman, with an attendance 
of 106. 

The newly elected president, R. E. Hattis, called the meeting 
to order at 7:45 p. m. after dinner in the Old Town Room. The 
minutes of the October meeting were read and approved. Let- 
ters from A. V. Hutchinson regarding the Council’s plan for de- 
ferred payment of dues for those in arrears and announcing the 
rate of dues for the coming year were presented. 

A report was made by the secretary covering the Illinois 
Chapter’s new Annual Limited Chapter Membership. 

President Hattis then called upon John Howatt, First Vice- 
President of the A.S.H.V.E. to introduce the speaker of the eve- 
ning. Mr. Howatt briefly outlined the field of air conditioning 
for the next few years, declaring that the industry must look to 
the remodeling of existing buildings for its business. Owners no 
doubt will be forced to air condition their properties, in order to 
hold their tenants. He spoke of the many early experiments in 
air conditioning conducted by Dr. E. Vernon Hill, the speaker 
of the evening. 

Dr. Hill said he would try to live up to Mr. Howatt’s intro- 
duction, and then outlined some of the views that he has held for 
20 years. He praised the work of J. J. Aeberly, O. W. Arm- 
spach, and others in the Chicago Department of Health for their 
work in 1917 on the synthetic air chart, and its adoption in 1920. 
Since 1922, he said he has insisted that the term, fresh air should 
not be used when outdoor air is meant, it being a question of air 
quality, and not quantity. 

The remainder of Dr. Hill’s talk was illustrated by a number 
of interesting slides, which began with an outline history of early 
man’s contact with the world and his struggle for cleanliness, 
food and drink, and a healthful air supply. He told of the con- 
quering of plagues by the proper methods of sanitation and care 
in handling food and water, but stated that sanitary service has 
made little progress in air treatment until the last few years. 

Dr. Hill insisted that outside air is not fresh, but contains dust, 
carbon monoxide, and bacteria, and is not only a nuisance, but a 
menace to health as well. He furnished numerous health de- 
partment charts showing the seasonal death rate of pneumonia, 
heart disease, and nephritis, and stated that these rates are ad- 
vancing. It is interesting to note that the inverted death curve 
closely follows the temperature curve throughout the year. 

Dr. Hill continued with detailed descriptions of various labora- 
tory tests, covering skin temperatures, personal efficiencies under 
various temperatures, etc. He concluded that in a warm room, 
the metabolism rate is low and suggested that our sleeping- 
rooms be warm. The comfort curve parallels the wet-bulb tem- 
perature, he said, and our present comfort charts should be re- 
vised. He was also of the opinion that air and oxygen therapy 
should be considered in the treating of diseases. 

Dr. Hill closed his interesting talk by stating again that the 
fresh outdoor air theory has delayed the development of true 
air conditioning, because all outdoor air is bad unless it is 
treated. 

An enthusiastic vote of thanks to Dr. Hill closed the meeting 
at 9:30 p. m. 
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Massachusetts 


November 19, 1934. At the November dinner and meeting at 
the Engineers Club, Boston, 44 members and guests were pres- 
ent when Pres. R. S. Franklin welcomed C. V. Haynes, Philadel- 
phia, Pa., president of the A.S.H.V.E., who was the guest speaker 
of the evening. 

In his talk President Haynes spoke on Society affairs and dis- 
cussed its new membership, research activities, financial condition, 
The Guide, the Annual Meeting to be held in Buffalo, and other 
matters. 

W. T. Jones, past president, spoke on Society matters and D. 
S. Boyden, treasurer of the A.S.H.V.E., read a report concern- 
ing its finances and membership. 

At 10:00 p. m. the meeting adjourned, according to the report 
of W. A. McPherson, secretary. 


Michigan 


November 12, 1934. Approximately 70 members and guests at- 
tended the second meeting of the 1934-35 season of the Michigan 
Chapter at the Wardell Hotel, Detroit. 

Pres. G. D. Winans called the meeting to order and dispensed 
with the roll call and reading of the minutes. 

Treas. R. K. Milward reported $91.00 in the treasury with all 
current bills paid. 

The special speaker of the evening was the Rev. Frederick Sie- 
denburg, executive dean of the University of Detroit and di- 
rector of the Detroit Regional Labor Board. His topic was Some 
Aspects of the New Deal. 

In discussing the subject, Reverend Siedenburg pointed out 
that in his opinion the industries of the country would eventually 
have more government control in the form of restrictions on 
minimum hours and wages, old age pensions, and unemployment 
insurance. 

Following this talk, J. L. Fuller, chairman of the Field Sur- 
vey of the Detroit Better Housing Program, briefly outlined the 
work of the committee in Detroit. 

The second part of the meeting was devoted to a technical dis- 
cussion of stokers. R. L. Beers was the principal speaker and 
Sabin Crocker and E. E. Dubry took part in the discussion. 

Secy. W. F. Arnoldy reports that the meeting adjourned at 
10:45 p. m. 


Ontario 


December 3, 1934. Sixty-one members and guests were pres- 
ent at the regular meeting of the Ontario Chapter at the Royal 
York Hotel, when dinner was served promptly at 6:30 p. m. 

A talk on Oil Burner Units was given by E. T. Whittall, and, 
following this address, C. W. Farrar, representing the Western 
New York Chapter, extended a special invitation to the Ontario 
Chapter to attend the Annual Meeting of the Society in Buffalo, 
January 28-30. Pres. W. R. Blackhall announced that H. B. 
Jenney was making arrangements for members to attend this 
meeting. 

President Blackhall then called upon E. H. Gurney to intro- 
duce the principal speaker of the evening, Prof. E. A. Allcut, 
University of Toronto, who spoke on The Design and Develop- 
ment of Concealed Heaters. 

Following Professor Allcut’s address, there was a splendid dis- 
cussion covering the various details of the presentation. 

Secy. H. R. Roth reports that after the Chapter’s appreciation 
had been expressed to Professor Allcut the meeting adjourned. 

November 5, 1934. The regular November meeting of the 
Ontario Chapter was held at the Royal York Hotel and at 6:30 
p. m. dinner was served with 36 members and guests present. 

Pres. W. R. Blackhall called upon E. H. Gurney to report on 
the October meeting of the Council held in Buffalo, N. Y. Mr. 
Gurney urged as many members as possible to attend the Annual 
Meeting of the Society in January at Buffalo. 
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The principal speaker of the evening was J. Keenan, whose 
subject was It Pays To Be Modern. 

M. F. Thomas expressed the Chapter’s appreciation of Mr. 
Keenan’s interesting address. 

The appointments for the Nominating Committee were M. F. 
Thomas, representative, and H. H. Angus, alternate, according 
to the report of the secretary, H. R. Roth. 


Philadelphia 


Pres. W. P. Culbert opened the meeting 
at the Engineers Club at 8:00 p. m. 
back on the job and read the minutes of the October 11 meeting, 


November 8, 1934. 
Secy. W. R. Ejichberg was 


which had been prepared for him by M. F. Blankin. 

W. B. Hutt, representing the 1935 Welfare Federation Cam- 
paign, gave a short interesting talk requesting assistance for this 
work, 

J. D. Cassell reported on the Council meeting held in Buffalo 
and mentioned particularly the plan for deferred payment of dues 
in arrears. 

A letter from the Nominating Committee was read by Presi- 
dent Culbert giving the following list of names to be voted on 
at the annual meeting of the Chapter in January: J. H. Hucker, 
president; W. R. Eichberg, vice-president; H. H. Erickson, sec- 
retary; and E. N. Sanbern, treasurer. In presenting the nomi- 
nations, the Committee recommended that the office of secretary 
and treasurer be combined with a corresponding secretary and 
bookkeeper to be obtained for service from year to year, taking 
care of all correspondence and financial records of the Chapter. 

Following the reading of the Nominating Committee's letter, a 
motion was presented by A. H. MacDade, asking that a commit- 
tee be appointed by the President to formulate a resolution covy- 
ering the suggestion of the Nominating Committee and such 
changes in the Constitution as would be required to put them 
into effect, as well as any other changes deemed advisable. 

President Culbert took immediate action and appointed the 
D. Mensing, Chair- 
*, Smith, M. F. Blankin, and W. R. Eich- 


following members to the Committee:  F. 
man; L. P. Hynes, W. I 
berg. 

Caldwell of the 
Adams. Mr. 


The meeting was then turned over to A. C. 
Meetings Committee, who introduced Benjamin 
Adams gave a description of a new ventilating fan. 

The next paper was presented by L. H. Plum and was en- 
titled Some New Types of Controls. This discussion was very 
instructive and was well received by the membership. 

Something New in the Vacuum Pump was presented by A. D. 
Harvey, who, in addition to preparing a worthwhile discussion, 
presented his paper in an able manner. 


The meeting adjourned at approximately 10:15 p. m. 


St. Louis 


December 5, 1934. After dinner, the meeting was called to 
order by Pres. Paul Sodemann with 27 members and guests 
present at the Laclede Gas Building. 

The minutes of the previous meeting were read and approved 
and Treas. G. W. Myers gave the yearly report on Chapter 
finances. 

The secretary, A. L. Walters, submitted the report of the 
Nominating Committee, after which the Chair called for addi- 
tional nominations from the floor. There being none, it was 
moved by R. M. Rosebrough, seconded by Mr. Myers, that the 
Secretary cast a unanimous ballot for the committee nominees, 
This motion was carried and the officers were elected as listed 
in the report of the November Chapter meeting. 

Mr. Sodemann reviewed activities during his term of office 
including the Open Forum on Air Conditioning at the Ranken 
School. He then turned over the gavel to J. W. Cooper, newly 
elected president, who asked for the cooperation of his fellow 
members in securing new members and in giving program sug- 
gestions. The other new officers were presented and made brief 
remarks accepting their election. 
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The secretary read a letter from the Ranken School regarding 
a second Open Forum on Air Conditioning. After discussion, 
it was moved by E. E. Carlson and seconded by Mr. Sodemann 
that the Board of Governors investigate this matter and that 
the Chapter, subject to the Board’s approval, endorse this activity 
and offer its assistance. 

A communication from headquarters office was read regarding 
the appointment of Nominating Committee representatives and 
the plan of the Council for deferred payment of dues in arrears, 

The following members were appointed to the Auditing Com- 
mittee: C. E. Hartwein, Chairman, L. W. Moon, and E, A. 
White. 

President Cooper introduced D. J. Fagin, who spoke on Gas 
Heating and illustrated his talk with slides showing many inter- 
esting applications. 

After a rising vote of thanks to Mr. Fagin, the meeting ad- 
journed. 

November 8, 1034. After dinner the meeting of the St. Louis 
Chapter at the Chase Hotel was called to order by Pres. Paul 
Sodemann with 43 members and guests in attendance. Included 
by special invitation were the Board of Directors and Past Presi- 
dents of the Engineers Club. Pres. A. C. Willard of the Univer- 
sity of Illinois was the guest of honor. 

The minutes of the October meeting were read and approved 
and J. M. Foster, chairman of the Nominating Committee, pre- 
sented its report as follows: 


For President—J. W. Cooper 

For First Vice-President—C. R. Davis 

For Second Vice-President—G,. W. F. Myers 
For Treasurer—E. E. Carlson 

For Secretary—A, L. Walters 


For Board of Governors—Paul Sodemann, C. E. Hartwein, D. J. Fagin, 


E. A. White 


President Sodemann welcomed the guests and introduced Presi- 
dent Willard, who spoke briefly but interestingly. The meeting 
then adjourned to the Engineers Club, where President Willard 
addressed the joint meeting of the members of this group and the 
Chapter on Air Conditioning for Human Comfort. 

The attendance taxed the capacity of the auditorium and Sec- 
retary Walters reports that those who were present enjoyed the 
very interesting and instructive discourse of the subject. 


Southern California 


November 13, 1034. One of the most interesting meetings of 
the Southern California Chapter was attended by approximately 
40 members and guests, when the speaker at the luncheon gather- 
ing was R, E, Phillips, consulting engineer. 

Mr. Phillips has designed some of the outstanding air condi- 
tioning installations in the Southern California district and he 
gave a very complete and interesting discussion regarding the 
problems encountered by contractors working in the Los An- 
geles Aqueduct which runs 250 miles through a desert. Mr. 
Phillips particularly emphasized the devices used to overcome the 
difficulties of tunnel ventilation and the Chapter looks forward to 
his return as guest speaker in the near future. 

At this meeting the following officers were elected: 

President--W. FE. Barnum 
Vice-President 
Secretary—P. C. 


Leo Hungerford 
Scofield 
Treasurer—A, G. Orear 


Board of Governors—-W. H. C. Ness, E. H. Kendall, H. L. Warren 


Wisconsin 


November 26, 1934. The November meeting of the Wisconsin 
Chapter was held at the Hotel Pfister, Milwaukee, at 6:30 p. m. 
After dinner G. E. Hochstein gave the Secretary’s report and an 
informal discussion followed. 

The meeting was a very good one and brought the largest at- 
tendance of the year, which was largely due to the fact that 
Prof. G, L. Larson, Madison, Wis., was the speaker. 
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A paper was given on the Results of Research on Various 
Methods of Heating an Industrial Type of Building and was 
illustrated by slides. 

The subject was an interesting one and, after the talk, Pro- 
fessor Larson opened the meeting to informal discussion. Be- 
cause of the excellence of the paper and the ground it covered, 
many good topics were brought out. 

E. A. Jones was appointed representative on the Society's 
Nominating Committee and Pres. Ernest Szekely will serve as 
alternate. 

A very pleasant meeting adjourned at 10:15 p. m. 

October 23, 1934. The October dinner and meeting of the 
Wisconsin Chapter was held at the Hotel Pfister, Milwaukee. 

The minutes were read by the Secretary, G. E. Hochstein, who 
also gave his report. Prof. G. L. Larson, Second Vice-Presi- 
dent, then outlined national activities of the Society. 

The next matter of business was an informal report by C. H. 
Randolph on the Chapter’s co-operative research work with 
Marquette University. 

The main subject for the evening was the State Heating and 
Ventilating Code. Pres. Ernest Szekely opened the discussion 
and, after an introductory word, turned the subject over to J. G. 
Shodron, who is the appointed chairman of the State Heating 
and Ventilating Code Committee. Mr. Shodron in turn asked 
E. A. Jones, J. S. Jung, C. W. Miller, and Professor Larson to 
bring up points for and against the present code. After the in- 
formal talks, Mr. Shodron made the suggestion that he call on 
the Industrial Commission in Madison when next he is in that 
city. This was approved by the Chapter. 

The Program Committee approved a November meeting in 
the latter part of the month, with Prof. G. L. Larson as the 
speaker. 

The meeting adjourned at 9:30 p. m. 

September 24, 1934. The first fall meeting of the Wisconsin 
Chapter was held at 6:30 p. m., at the Pfister Hotel. Dinner 
was served at 6:30 p. m. and the meeting proper began at 
8:00 p. m. 

Letters from the headquarter’s office were read explaining the 
Council’s plan for deferred payment of dues and announcing the 
dues rate for 1935. The next matter of business was the Treas- 
urer’s report. 

As is customary in the Wisconsin Chapter, the first meeting 
was devoted to tabulate Chapter election returns and announce 
the results. While various reports were being made, the tellers 
were counting the ballots and made the following report: 
President—Ernest Szekely 
First Vice-President—C. H. Randolph 
Second Vice-President—A. M. Wagner 
Secretary—G. E. Hochstein 

Treasurer—Martin E. Erickson 
Board of Governors—G. L. Larson, J. S. Jung, V. A. Berghoefer 


Following the election of officers, Mr. Szekely, the new Chap- 
ter president, delivered a very interesting formal talk on Sil- 
ica Gel. A great deal of his present research work has been on 
this subject, and a wealth of information was given. 

The meeting adjourned at 9:40 p. m., according to Secretary 
Hochstein’s report. 


Western New York 


December 17, 1934. The December meeting of the Western 
New York Chapter was the occasion of the annual bowling and 
Christmas party, held at the University Club, and presided 
over by Vice-Pres. W. E. Voisinet. 

M. C. Beman, general chairman of the Committee on Ar- 
rangements for the Annual Meeting, together with D. J. Ma- 
honey and W. E. Voisinet, committee chairmen, outlined in 
detail some of the plans for the meeting. 

A motion was made by Pres J. J. Yager, and seconded by 
C. A, Evans that a committee be appointed to consider a change 
in the By-Laws concerning the election of officers in May and 
their installation in June. 
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Mr. Beman presented the choice of the Nominating Committee 
for officers for the new year: 

President—W. E. Voisinet 

First Vice-President—P. S. Hedley 

Second Vice-President—B. C. Candee 

Secretary—J. J. Landers 

Treasurcr—R. T. Thornton 


Election was postponed until a later meeting. 

A very gratifying report of the treasurer was read by B. C. 
Candee, showing a substantial increase in funds over last year. 

November 12, 1934. P. S. Hedley, secretary of the Western 
New York Chapter, reports that the November meeting was 
held at the Touraine Hotel with 25 members and guests present 
for dinner and 32 at the meeting. 

M. C. Beman, general chairman of the Committee on Arrange- 
ments for the 41st Annual Meeting of the Society to be held 
in January, gave some very interesting and definite information 
regarding the program. 

J. J. Nesbitt, Jr., Philadelphia, Pa., gave a very fine lecture 
on A Thermal System of Ventilation Control, which resulted 
in considerable discussion. 

At the request of Joseph Davis, a treasurer’s report was 
received from B. C. Candee, which indicated an improvement in 
the financial condition of the Chapter. 

The meeting came to a close with a rising vote of thanks for 
the speaker. 


Pittsburgh 


The annual report of the Pittsburgh Chapter has been pre- 
pared and the first meeting of the 1933-34 season was held on 
October 16, 1933, in the auditorium of the U. S. Bureau of Mines 
Building. When Pres. G. S. McEllroy called the meeting to 
order, 35 members and guests were present. 

F. A. Gunther presented the speaker, George Fisher, Pennsyl- 
vania State Archeologist, who spoke on the Mound Builders of 
Western Pennsylvania. This indicated that an occasional talk 
on a non-technical subject can be well received. 

The next meeting was held on November 13, 1933, in the U. S. 
Bureau of Mines Building and 44 members and guests attended. 
President McEllroy introduced C. T. Ingham, Pittsburgh, who 
described What an Architect Thinks of a Salesman. 

On December 11, 1933, an interesting meeting was held at the 
offices of F. C. McIntosh. The following officers were elected 
for the ensuing year: 

President—P. A. Edwards 

Vice-President—L. B. Pittock 


Secretary—J. L. Blackshaw 
Treasurer—H, A. Beighel 


Twenty-five members were present and a delicious home- 
cooked dinner was served before the meeting began at 8:00 p. m. 
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Instead of the usual formal talk, a round-table discussion was 
enjoyed. 

On January 5, 1934, the meeting was again held at the U. S. 
Bureau of Mines and 55 members and guests were present. 
Standing Committees were appointed and the International Heat- 
ing and Ventilating Exposition and the 40th Annual Meeting of 
the Society were discussed. 

Pres. P. A. Edwards presented J. F. 
many phases and angles of air conditioning, as well as the design 
of unit air conditioners, in his talk on Providing Comfort with 
Unit Air Conditioners. 

After the usual business and committee reports at the Febru- 
ary 19 meeting, members were entertained by M. C. 
W. B. Simpson, and F. E. Eckert, who showed a six-reel motion 
picture of the progressive steps in the making of wrought iron 
pipe. They also presented a paper which summarized corrosion 
and piping difficulties in heating systems and suggested remedies. 

At the March 12 meeting, considerable time was devoted to 
discussing the efforts of the Pittsburgh Chapter of the A./.A. 
regarding the employment and remuneration of professional and 
technical men on CWA and other government undertakings. 

E. H. Riesemeyer, Jr., introduced the speaker, W. E. Stark, 
Cleveland, Ohio, who gave a paper on Winter Air Conditioning 
for the Residence. Mr. Stark traced the evolution of winter air 
conditioning and progress in the heating field. 
the requirements of present winter heating and outlined what he 
considered an ideal winter conditioning plant. 

The next meeting was held on April 9 in the auditorium of 
the U. S. Bureau of Mines when 50 members and guests were 
present. Chief among the discussions were the Engineers’ Code 


Lamb, who described 


Morgan, 


He ably described 


and the attempt to bring about closer relations between the vari- 
ous engineering groups in the Pittsburgh district. 

C. M. Humphreys presented C. A. Reed, combustion engineer, 
who spoke on the importance of correct coal preparation with 
related methods of combustion and presented a motion picture 
showing actual mining operations by modern methods. 

The last meeting of the season was held on April 30 and, fol- 
lowing the customary routine business and a discussion of the 
Society’s Semi-Annual Meeting at Buck Hill Falls, Pa. F. C. 
McIntosh gave a brief history of the A.S.H.V.E. F. C. Hough- 
ten spoke on the research work in progress at the Society's Re- 
search Laboratory at the U. S. Bureau of Mines. 

President Edwards introduced C. V. Haynes, president of the 
A.S.H.V.E. In his spirited and inspiring talk, Mr. Haynes dis- 
cussed many of the matters which come up for action by a So- 
ciety president. A complete picture of the business and techni- 
cal organization of the A.S.H.V.E. and a summary of its financial 
set-up was given. Mr. Haynes pointed out the many advantages 
to be gained through membership in an ethical socity such as 
the A.S.H.V.E., because of its activities, publications, research 
work, meetings and friendships. 








CANDIDATES FOR MEMBERSHIP 





The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the society or sent to the members in other approved manner as ordered 


by the Council. 
Committee on Admission and Advancement as soon as possible. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his grade, 


the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 19 


applications for membership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


The Committee on Admission and Advancement, and in turn the Coun 


cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 
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15, 1935, these candidates will be balloted upon by the Council. 


Unless objection is made by some member by January 


Those elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 
ALFAGEME, Braulio, Owner-Manager, Air Cond., Braulio Alfa- 
geme, Ing., Madrid, Spain. 


Bicuowsky, F. R., Engr., Surface Combustion Corp., Toledo, O. 


Borucn, E. R., Sales Engr., Dallas Power & Light Co., Dallas, 
Texas, 


BoyKker, R. O., Partner, Mac Boyker & Son, Kent, Wash. 


Cary, E. B., Vice-Pres., John Paul Jones, Cary & Miller, Inc., 


Cleveland, O. 
Gerarp, G. G., Student, Pratt Institute, Brooklyn, N. Y. 


Germain, Oscar, Foreman, Germain Frére Ltd., Three Rivers, 
Quebec, Can. 

Herrick, Leo, Mer., Crane Co., Ft. Smith, Ark. 

Kiczaes, M. D., Assoc. Mech. Engr., U. S. Army Motion Pic- 
ture Service, Washington, D. C. 

Lockuart, H. A., Engr., Bell & Gossett Co., Chicago, II1. 

Moore, H. W., Air Cond. Engr., Frigidaire Corp., Dayton, Ohio. 

Muscrave, M. N., Pres., Harrison Sales Co., Seattle, Wash. 

Perkins, R. C., Sales Engr., Ilg Elec. Vtg. Co., Memphis, Tenn. 

Rivarp, M. M., Mfrs. Rep., Rivard Sales Co., Kansas City, Mo. 

AN, J. A., Air Cond, Engr., York Ice Machinery Corp., 

Cleveland, Ohio. 

Suarp, H. C., Mer., Smith Oil & Refining Co., Rockford, Ll. 

Smiru, W. D., Bryant Heater Co., Cleveland, Ohio. 


Wattace, J. 


Warp, F. J., Htg. & Piping Contractor, The F. J. Ward Co., 
Cold Spring, Ky. 


B., Dist. Repr., Taco Heaters, Inc., Detroit, Mich. 
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W. L. Fleisher 
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C. N. Witmer 
W. W. Cox 


S. D. Peterson 
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(Non-Member) 

Jules Caron (Non-Member) 
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G. S. Frankel 
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S. D. Peterson 
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E. J. D’Imor 
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Candidates Elected 


In the past issues of the JourNAL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Membership Committee and ballotted upon by the Council. We are 
now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candi- 


dates elected: 
MEMBERS 
Arcuer, D. M., Dist. Sales Repr., Sarco Co., Inc., Boston, Mass. 
Avery, L. T., Pres., The Avery Engrg. Co., Cleveland, Ohio. 
Carter, Doctor, Htg. & Sanitary Engr., Shanghai, China. 
Davison, R. L., Director of Research, John B. Pierce Founda- 
tion, New York, N. Y. 
Dewey, R. P., Chief Engr., Temp. Control, Barber-Colman Co., 
Rockford, Ill. 
FrrzceraLp, M. J., Treas. & Gen, Mgr., Standard Asbestos Mfg. 
Co., Chicago, Il. 


Lepnum, J. M., Chief Engr., Silica Gel Corp., Baltimore, Md. 


Maccuppin, H. A., Htg. Contractor, H. A. Maccubbin, Inc., 
Baltimore, Md. 
MANAHAN, J. E., Air Cond. Engr., Kelvinator Div., Witte 


Hardware Co., St. Louis, Mo. 

Mawey, Pensyt, Service Engr., Lehigh Navigation Coal Co., 
New York, N. Y. 

McQvuap, D. J., Consulting Engr., Denver, Colo. 

Panst, C. S., Pres. & Mer., Adams Engrg. Co., Inc., New York, 
N. Y. 


Srraucn, P. C., Sales Engr., The Henry Furnace & Foundry 


Co., Edgewood, Pittsburgh, Pa. 


WerzeLL, H. E., 
Ohio. 

Woopman, L. E., 
Jefferson City, Mo. 


Seconders 
Jesus de Lasala (/.C.A.1.) 
Enrique Gutierrez (/.C.A./.) 


John Everetts, Jr. 


W. H. Moler 

M. L. Brown (ASRE) 
K. F. MacLeod 
William Mallis 

F. A. Kitchen 


Joseph Phyl (Non-Member) 

Thomas Militello 
(Non-Member) 

Z’eph Lambert (Non-Member) 

J. A. Boisjoli (Non-Member) 


C. V. Haynes 

F. H. Gaylord 

W. A. Danielson (Non-M ember) 
F. Simpson (Non-Member) 

F. B. Rowley 

A. B. Algren 

C. E. Lewis 

A. H. Kirkpatrick 

Lincofh Bouillon 

M. J. Hauan 

A. G. Sutcliffe 

M. K. Arenberg (Non-Member) 
W. E. Gillham 

Carl Clegg 

K. W. Schick 

Philip Cohen 

D. J. Stewart 

J. T. Atwood (Non-Member) ' 
F. A. Rodgers 


A, P. Darlington 
E. Hogan 
C. E. Hust 
E. B. Royer 


— 
\ 


4- 


Chief Engr., The Smith & Oby Co., Cleveland, 


Pres., Woodman Appliance & Engrg. Corp., 


ASSOCIATE 


Disney, M. A,, 
Mo. 


Co-Partner, Disney-Leffel Co., Kansas City, 


JUNIOR 


ALLAN, N. J., 
City, Mo. 

Eppte, A. B., 
Mass. 


Student Engr., B. 


Asst. to Mgr., Kansas City Pump Co., Kansas 


F, Sturtevant Co., Hyde Park, 


Frey, G. O., Engr. (Asst. Dept. Head), Warner Bros. Theaters, 


Inc., New York, N. Y. 


Greer, W. R., Air Cond. & Ill. Engr., Ark. Power & Light Co., 


Pine Bluff, Ark. 


Hateau, W. M., Draftsman, Sherron Metallic Corp., Brooklyn, 


a a 
SuHetpon, W. D., Jr., 
Can. 


Chief Engr., Sheldons Ltd., Galt, Ont., 


STUDENT 


» 


Brey, R. ¢., 


Student, Pratt Institute, Brooklyn, N. Y. 
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Revere Metals are 
as Modern as Air Conditioning 





Revere Copper Water Tube 


Revere Copper Water Tube is recommended for heating lines, 
refrigerant lines, water lines, heat control lines and for other 
heating and air conditioning piping. This tube is seamless, 
99.9% pure copper, completely deoxidized and possesses a gun- 
barrel finish inside, reducing friction losses to the minimum and 
as a result saving fuel on heating lines and current and wear on 
the pump on fluid lines. 

It is furnished in three types known as “K”, “L”, and “M” 
which meet Government and A.S.T.M. specifications for this 
product. Dimensions and weights are given in the table below. 

In general the Type “K” is used where corrosive conditions 
are severe, such as in underground service and the types “L” 
and “M” wherever corrosive conditions are normal. For most 
heating work, Types “L” or “M” will be found satisfactory. 

Types “K” and “L” are furnished in both hard and soft tem- 
pers. The hard temper is used for new and exposed work and 
the soft temper for hidden replacement work, and for those uses 
where flexibility is essential. Type “M” is furnished in hard 
temper only. 

Fittings—This tube is joined with Streamline soldered fittings 
or with any standard make of compression fittings. 

The Streamline fitting is so made that the tube fits against a 
shoulder on the inside of the fitting, the height of which is ap- 
proximately the same as the wall thickness of the tube. This 
produces uninterrupted flow, reduces friction to an absolute min- 
imum and prevents partial stoppage due to the lodgment of sedi- 
ment, etc. 

Revere Copper Water Tube cannot rust, so that it is not nec- 
essary to install oversize pipe. Life-time service is assured for 
all uses, including steam return lines where there is considerable 
corrosive action. The flow is smooth and uninterrupted and tur- 
bulency and noises are reduced to a minimum. 

In general, pipe covering can be one size smaller with Copper 
Water Tube than for the same size S. P. S. pipe because of the 
smaller outside diameter of the tube. 


STANDARD DIMENSIONS AND WEIGHTS a er al). 
ia | TYPE M 
(Hard Temper) 


For General 


TYPE K TYPE L Plumbing Pur- 

Underground Services| For General poses with 

and General | Plumbing Soldered 
Plumbing Purposes Purposes Fittings Only 
Wal | Wall Wall 

Size O.D,| = Thick- Wt | Thick- Wt Thick- Wt 

in in ness Lb | ness Lb | ness Lb 
In, In. In. per Ft | In. per Ft | In. per Ft 
\@ 250 032 085 | .025 068 | .025 .068 
% 3875 | 032 133 030 126 025 106 
% 500 | 049 .269 | (085 .198 .025 .144 
L ‘625 | 049 344 |S .040 284 | ‘ogs 203 
% 750 | 049 418 .042 .362 we Bi. 
%4 875 065 641 045 454 .032 .3828 
1 1.125 065 839 050 653 | .035 464 
1% 1.375 065 1.040 | .055 882 | .042 681 
1% 1.625 O72 1.360 |} 060 1.140 .049 .940 
2 2.125 083 2.060 | 070 1.750 | .058 1.460 
ay, 2.625 095 2.920 | 080 2.480 .065 2.030 
3 3.125 109 4.000 .090 3.330 | .072 2.680 
8% 8.625 120 5.120 .100 4.290 | 0838 3.580 
4 4,125 134 6.510 110 5.380 095 4.660 
5 5.125 .160 9.670 | .125 7.610 109 6.660 
6 6.125 .192 13.870 | .140 10.200 .122 8.910 
8 8.125 271 25.900 |} ,200 19.290 .170 16.460 


Tempers AND LENGTHS 
Type K/ Hard Temper in straight 12 ft and 20 ft lengths. 
Type L{ Soft Temper in 20 ft, 45 ft, and 60 ft coils. 
Type M only—Hard Temper in straight 12 ft and 20 ft lengths. 








RECOMMENDED OPERATING PRESSURES 


Se NE on ss os owas oree rubs eeeeheas een up to 400 lb 
i i ne 2 in oe ole J itkegeceeehaepaweeceaae up to 250 Ib 
ON er ae a ae up to 250 lb 


Type M—Hard Temper up to 250 Ib 


Revere Brass Pipe 


Revere Brass Pipe is made in yel‘ow brass for normal water conditions 
and red brass (85% copper) for unusually corrosive water conditions. It is 
preferable for water condenser lines for air conditioning, heating lines and 
process work in industry. 


Herculoy 


What It Is—HERCULOY is a silicon bronze, which when 
finished has a rich golden color. /t combines high strength and 
excellent physical properties with a high resistance to corrosion. 
Its strength is comparable to that of the low and medium car- 
bon steels, and its corrosion resisting qualities approximate those 
of pure copper. Herculoy is non-magnetic. It may be worked 
hot very easily. This exclusive Revere Product, on which U. S. 
Letters Patent have been issued, is an ideal engineering bronze. 

HERCULOY posssses a simple, single-phase structure; simi- 
lar to that of alpha brass, thereby permitting through proper 
annealing a range of physical properties intermediate between 
the limits set for tensile strength and elongation. 

A pplications—HERCULOY is recommended for Bolts, Nuts, 
Screw Machine Products, Turn Buckles, Lag Screws and acces- 
sories, in which forms it will be found to have greater strength 
than Steel with non-rusting and corrosion resisting qualities. For 
Piston Rods and Shafting where a superior article is required, 
Herculoy is supreme. Storage tanks for hot water made of Hot 
Rolled Herculoy Tank Plate have similar qualities to Sheet Cop- 
per Tanks plus an added strength equal to that of Steel. For 
electrical construction the great strength, non-magnetic property, 
toughness and resistance to abrasion possessed by Herculoy indi- 
cate its great value wherever suitable. 

Physical Properties—The tensile strength of Herculoy in sheet 
form will vary with the amount of work and heat treatment 
given the metal during its production. The ultimate use to which 
the material is to be put determines the treatment given the 
metal in the course of its production. 





Tensile Strength Elongation 


Material (Ibs. per sq. in.) (in 2 inches) 
ee a eek wenet 68,000 51% 
Ce I EE. kb nn.cec cas ngegeseieresae .. 85,000 30% 
Cold Rolled Sheets, Light Annealed ........... 75,000 56% 
Cold Rolled Sheets, Full Annealed ............ 60,000 80% 


Uses 

Blowers and Fans 

Ventilating Ducts 

Skylight Poames 

Chemical and Sewage Plant Gates 
Deep Drawing and Stamping 


Hot Water Storage Tanks 

High Pressure Tanks 

Kettles, Boilers and Mixing Bowls 
Screen Plates for Process Industries 
Pickling Tanks and Baskets 


Revere Copper Sheet 


Revere Copper sheet is the ideal material for air conditioning ducts 
where corrosive gases are drawn into the intake ducts from near by sources 
of pollution such as chimneys, and exhausts from photographic and battery 
establishments, garages, etc., or where ducts pass through rooms contain- 
ing corrosive fumes and under some conditions Leadtex, a lead coated 
copper sheet, is advised. 


Revere Concealed Radiation 


Revere manufactures two distinct types of convectors: the Robras, 
which is the box fin type, and the Rocop, tubular convector, which meet 
practically all conditions of service, price, etc., where the use of the 
convector type of heater is considered. Full details will be gladly sent 
pen request. Address Revere Copper and Brass Incorporated, Rome 
Manufacturing Company Division, Rome, N. Y. 


Revere Cooperation 


To Heating and Air Conditioning Manufacturers—Revere Engineers are 
anxious to cooperate with manufacturers of heating and air conditioning 
equipment and help them solve their particular problems. 








New Beprorp, Mass, - 


Executive Orrices: 230 Park Avenur, New Yorx City . 
Rome, N. We 





Mitts: Battimore, Mp. - Taunton, Mass. 


+ Derroit, Micn. - Cricaco, Itt. - SaLes OFFICES IN PRINCIPAL CITIES 
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The RIGHT MOTOR 
for FANS and BLOWERS 
QUIET .. . CARE-FREE:.. 

EASILY INSTALLED 


For belt-driven fans and blowers 

requiring up to 1/4 hp., you can’t 

ag wrong if you select the G-E Ty 
H split-phase motor (illustrated). 


It’s dependable. It’s easily installed 
because of its simplified, built-in 
terminal box, and because of its 
slotted base, which reduces the 
adjustment of belt tension almost to 
a matter of seconds. Add to these a 
lubrication system that provides 
once-a-season oiling, drip-proof end 
flanges that keep maintenance 
down by keeping undesirable mate- 
rials out, and cushioned-power rub- 
ber mounting, and you have an 
— “buy” that’s built to 
ast. 





DEPENDABLE ELECTRIC ACCESSORIES B 





NEW, electrically operated 
VALVE 
SMALL :.. COMPACT... 
LOW -PRICED 


Ideally suited to air-conditioning 
needs, this new electric valve will 
handle water or low-pressure steam 
quickly, easily, and economically, 
by remote control. 


It provides positive operation over 
a wide range of pressures and tem- 
peratures. [t is economical—it uses 
only 71/2 watts at 110 volts, 60 
cycles. Its parts are sealed in steel 
—no stuffing box. A handy, built-in 
terminal box saves installation ex- 
pense. A convenient metering pin 
provides 50-per-cent-flow regulation 
—no extra valve is needed. 


If pon have a large task for a little 
valve, this valve will save youmoney. 





VILD YOUR PROFITS 





CASH IN ON THE 
COMPLETE LINE OF 
G-E CONTROL 
TRANSFORMERS 


Small 
lamps, and similar accessories need- 
ed for an air-conditioning installa- 


solenoids, relays, motors, 


tion often must be operated at vari- 
ous voltages—stepped down from 
the lighting circuit for safety, con- 
venience, and simplicity of wiring. 


There are standard G-E control 
transformers for many applications; 
your requirements for special volt- 
ages can be economically and 
quickly met from an extensive line 
of standard parts. May we send you 
information about these trans- 


formers? 


To maintain and protect your reputation for service and dependability, it will always 


pay you to insist on the 


ighest quality when buying electric equipment. For quality 


and correctness of design, order General Electric wire and wiring devices along with 


your motors, control, etc. 


GENERAL &% 


ELECTRIC 





General Electric Company 
Dept. 6A-201, Schenectady, N. Y. 


| Please send me the following publications, as checked: 
| RENTER ene RCE Oe SUE SSS, URRY WT Res SL 











[] GEA-1276A, Type KH Motors 
[_] GEA-1847A, Solenoid Valves 
C] GEA-1358, Control and Signal Transformers 


[] Also, please place me on your mailing list to re- 
ceive regularly your information service covering 
small motors, controls, transformers, etc., for air 
conditioning. 








070-80 
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BYERS 


WROUGHT IRON 





should be specified 
for Corrosive Service 
in all-welded systems 





@ Regardless of the method of pipe fabrication you 
employ, be sure to specify Genuine Wrought Iron. 
Especially, for the all-welded system, your specifica- 
tions should read —“Byers Genuine Wrought Iron 
Pipe and Welding Elbows made from Byers Genu- 
ine Wrought Iron Pipe.” Thus you are assured the 
long-life and economy of wrought iron in your all- 


welded system. 


For further information on wrought iron, its use in 
all- welded systems and for service records which 
prove its long life and economy, ask a Byers Engi- 
neer or write our Engineering Service Department. 

GENUINE 


BYERS a 
PRODUCTS 


A. M. BYERS COMPANY 
Pittsburgh, Pa. Established 1864 
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Plant Heating— 


[Continued from page 25, front section] 


could make for higher maintenance expense than in the 
direct system, is the heater itself, with its accompanying 
motor and fan. This factor is of vital importance in 
choosing the particular type of heater for the plant. 
In making such choice, engineers and owners should 
consider carefully the merits of the units selected as 
regards design, construction and practicability for de- 
pendable performance. 

In checking waste in already existing heating systems 
there are a number of considerations, says Mr. Moulder. 
A system can be intelligently checked only by calculation 
of the heat losses and consideration of the proper dis- 
tribution of heating surfaces to overcome these heat 
losses. I*requently it will be found that existing plants 
have been changed to accommodate new manufacturing 
facilities and that while the old heating system may have 
been adequate for the original conditions, it_is obsolete 
for the new. The advantages of unit heating as out- 
lined above are equally true for existing systems, plus 
additional advantages. 

It is furthermore advisable to check pipe sizes, pitch 
of piping, return systems and methods of venting. It is 
also well to check into the condition of insulation of 
various piping. Frequently a line is run through very 
much exposed area or portion and it would be beneficial 
if it were insulated. Insulation already installed may 
be in poor shape and in need of renewing. Underground 
piping should be thoroughly checked in that frequently 
the conduit or protection originally provided is deteri- 
orated to a point where it is no protection at all and 
therefore very wasteful. Last but by no means least, 
all traps certainly should be checked thoroughly to make 
certain that they are in proper shape. 

It also should be pointed out that each installation is 
a problem in itself and cannot be prescribed for by 
blanket statement. 





Selection and Maintenance— 
[Continued from page 22, front section] 


will suffice. 
interval. 

Instrument gaskets and bellows should be changed 
at least once every three years where an important pro- 
cess is involved and continuous operation is imperative. 

Once a year the entire plant should be shut down, 
thoroughly dried out, carefully examined, all rust re- 
moved, all metal surfaces cleaned and painted and all 
insulation examined and repaired and the plant other- 
wise put in the best of condition. 

Air conditioning equipment so purchased, designed and 
maintained, will last twenty or twenty-five years, will 
cost little for repairs or replacements and will run con- 
tinuously. Under such conditions it should make an 
attractive return and should prove a source of satisfac- 
tion to the purchaser. 


Local experience alone will dictate the time 
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Equipment Developments 








For your convenience in obtaining copies 
of bulletins, see coupon on page 135 


New Sealed Motors 


No. 136.—New “Seal-Clad” squirrel cage motors are of open 
type construction, with permanent coil protection. Hard, smooth, 
bakelite shields are sealed over the stator coils giving protec- 
tion against metallic dust, grit, oil, moisture, mild acids and 
other agents injurious to insulation. They are build in ratings 





up to 25 hp, 1800 rpm and suited to a much broader range of 
application than the ordinary open motor, states the maker. The 
motors have cast steel frames; twistless and distortionless sta- 
tors; silver-brazed, indestructible rotors; and dust tight 
sleeve or anti-friction bearings.—Allis-Chalmers Mfg. Co., Mil- 


oil 
waukee, Wis. 


Humidity Indicator for Industrial Use 


No. 137. New industrial humidity indicator designed for use 
ir. factories, warehouses, stores, etc., as an aid in manufacturing, 
finishing, drying, storing, curing packing, or processing gives 
direct reading in per cent relative humidity. Manufacturers state it 
is more accurate than wet and dry bulb method of obtaining rela- 
tive humidity, requires no attention, is more convenient than a 


sling psychrometer. 





Dimensions are 45% in. by 1% in. deep; stamped metal case 
and back; chromium bezel; convex glass crystal; cream colored 
metal dial with black figures; black indicating hand. Scale 
reads from 0 to 100 per cent. Instrument is of wall mounting 
type—Fee and Stemwedel, 219 W. Chicago Ave., Chicago, III. 


Flux for Brazing Metals and Alloys 


No. 138—New flux (called “Handy Flux”) in paste form, 
has recently been announced. Developed to speed up and improve 
brazing operations on either ferrous or non-ferrous metals. It 
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iW. v4 Ke); 


FORGE WELDELLS 


combine WROUGHT 
IRON’S long life with 


Correct Engineering 








@ With the increasing use of all-welded wrought iron 


systems, correctly designed fittings speed the work 
and improve the finished appearance of the installa- 
tion. Therefore, it’s important that you specify Taylor 
Forge Weldells made of Byers Wrought Iron Pipe. 

This will assure you the long life of wrought iron 
plus the many advantages of Taylor Forge Weldells 
—i.e., correct engineering, selective reinforcing for 
greater strength, smooth interior and exterior, ends 
machine beveled for neat welding, tangents for 
accurate lining up. Write for suggested specifica- 
tions, estimating prices and complete information. 


TAYLOR 
ne F ORGE 


For WELDING 


TAYLOR FORGE & PIPE WORKS 
General Offices and Works, Chicago, Iil., P. O. Box 485 
New York Office, 50 Church Street 











cally 


is removed 
in front of disc). 
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has a lower melting point ard permits taking full advantage 
of silver solders and brazing alloys having low flow points. 
Greater solvent action on a wide variety of oxides is said to 
be a feature that speeds up brazing and insures thorough wet- 
ting of joint surfaces at low brazing temperatures making it 
possible to obtain very strong and uniformily dependable joints. 
Recommended for brazing monel metal, 
nickel, copper, brass, bronze and various other ferrous and non- 
ferrous metals and alloys——Handy & Harman, 82 Fulton St., 
New York City. 


stainless steel, steel, 


A Water Level Control 


No. 139. A water level control which may be used to start 
and stop a pump on systems with an elevated tank nearby or 
at a distance from the pump, operate high and low water alarm 


signal system or bells, operate low water signal and automati- 





level being manually 


high 
started), or operate electric valves, is illustrated here (the cover 
cover is hinged at bottom and has circular window 


stop pump when at (pump 


In operation the straight line thrust of the metallic bellows 
type diaphragm is converted to a rotating motion of the disc 
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carrying one or more mercury switches; the pressure applied 
to the diaphragm is counterbalanced by a weighted pendulum 
attached to the disc. 

This control is a complete self contained single pump control 
requiring no auxiliaries, states the manufacturer—Water Level 
Controls Company, 765 Hampden Ave., St. Paul, Minn. 


Improved Pipe Union 


No. 140. The improved “Rockwood” union was developed to 
meet modern piping requirements, which have changed radically 
during the past few years. The union embodies a number of 
features, according to the maker, among which are an increase 
in strength as a result of the cold forging process used in the 
manufacturing; non-corrosive seat ring construction—silicon 
bronze for general requirements, and chrome iron for higher 
and temperatures, and resisting 
applications; seat rings double-locked to prevent working loose 
by expansion and contraction with temperature changes; porosity 
eliminated by cold working; parts interchangeable, so that if 
one part is damaged the entire union need not be discarded; 
and sherardizing to protect the union against corrosion.—Rock- 
wood Sprinkler Company, 34-56 Harlow St., Worcester, Mass. 


pressures special corrosion 


New Are Welders and Electrodes 


No. 141. A line of improved, portable, single operator arc 
welding sets incorporating several refinements has been devel- 
Self-stabilization is the outstanding feature, states the 
maker—an advantage which provides excellent performance 
throughout the entire welding range, using any type of electrodes, 
bare, lightly fluxed, or heavily coated. 
Each welder contained unit, 
reactor, resistor, or separate exciter, and it is largely due to the 
se'f excited design of these machines that the inclusion of suffi- 


oped. 


is a self having no external 








FAN TYPE COOLING ¢ 


COILS BUILT TO CUSTOMERS 
SPECIFICATIONS BY BUSH 


The Coil illustrated is made of continuous 
tubing, the fins are 2” square and spaced 4 
per inch. Both fin and tubes are copper and 
the entire unit tin dipped after fabrication 


Certain applications might require a smaller fin and closer spacing in which case our 
154” square fin spaced 6 per inch could be used. 


There are now 38 combinations of fin and tube sizes and fin spacings in our stan- 


dard line of finned tubing. 


THE BUSH MFG. CO.., 


41E. 42ND ST. 
NEW YORK 


8737 KERCHEVAL AVE. 
DETROIT 








610 N. OAKLEY BLVD. 
CHICAGO 


t 


. 


HARTFORD, CONN. 


3RD NAT'L. BLDG. 1015 E. 16TH ST 
DAYTON LOS ANGELES 
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Wing Featherweight Heater 


HERE 


is a 
UNIT HEATER 
that is 
ENTIRELY 


DIFFERENT 


(the floodlight of 
heating) 





FOR THE PLANT 


~ ¥ 









FOR THE FOUNDRY 


It supplies uniform heat 
in every nook and cor- 
ner and at every work- 
ing level. The last word 
in scientific heating— 
(floodlight heating). 


Send for 
bulletin 


L. J. WING MFG. CO. 
14th St. and 7th Ave. New York City 


955 ST. JAMES ST., W. MONTREAL, CANADA 
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| \ a a heavy duty 
LN Sy)" TILE CONDUIT 
ke ao for Steam Lines 
run UNDER TRAFFIC 


HERE conditions require great supporting strength 

under heavy traffic, Ric-wiL now offers its new special 
Super-Strength Tile Conduit. Note the extra heavy walls of 
these sections, also the special heavy-duty reinforcing at 
top, bottom and sides, giving balanced construction and 
maximum strength. Exhaustive laboratory tests indicate 
sufficient strength to support a concentrated static 6-ton 
traffic load per wheel under actual installation conditions. 
Thus any reasonable specifications on traffic load resistance 
can be met, regardless of conduit sizes. Write for Bulletin 
A-3412. New 1935 Bulletin of Heating Rates also sent on 
request. 





The Ric-wilL Co., 1562 Union Trust Bldg., Cleveland 
New York San Francisco Chicago 
Agents in Principal Cities 


SR Te Sa oe ae 


Tile 


PATENTED **© PATENTS APPLIED 
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OR 
UNDERGROUND STEAM PIPES 
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CENTRIFUGAL TYPE FANS 


This radial steel spring mounted motor for operating multiple 
fan air conditioning, heating, and ventilating units is oiateble 
with extra long double shaft extensions for mounting a number 
of fans on each end. 


Motor is of the low torque, single phase, capacitor type for 
adjustable speed operation—with built-in control accessories 


already wired up—or separately mounted if desired. A simple 
snap switch will select speeds out of a possible 6 
For 
Propeller 
Type 
Fans 





2 and 3-speed capacitor mo- 


Spring mounted low torque, cage, : 
it phase motors—equipped with 


tors—or single and 2-speed sp 
thrust bearings. 


Adjustable 
Speed 
Motor 
with 
Separate 
Control for 
Belt Driven 
Fans 





For belt driven fans higher starting torque motors are necessary. 
Overload circuit breaker protection is built in the control unit. 


In addition to using a steel spring mounting to eliminate torque 
vibration, other inherent noises are removed by further refine- 
ments in electrical and mechanical design. Extra large bearings 
and oil reservoirs provide long life, with a minimum of attention. 
Proper Regulation of air movement is an essential function of 
any air conditioning or ventilating equipment. Holtzer-Cabot 
pioneering is primarily responsible for the development of ad- 
justable speed silent operating motors to successfully accomplish 
this function. 


SINGLE PHASE—THREE PHASE— DIRECT CURRENT 
MOTORS 


Our engineers will gladly confer with you. Their 
experience can be heipful—write Dept. 20 for de- 
scriptive bulletin, 


THE HOLTZER-CABOT ELECTRIC Co. 


125 AMORY STREET, BOSTON, MASS. 
Motor Specialists for 50 Years 
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cient self-stabilization to provide steady welding characteristics 
under all conditions is possible. 

Separate controls are provided for adjustment of welding cur- 
rent and welding voltage. These controls are located on a dead- 
front panel on top of the machine at convenient height above 
the floor. On this panel are also located a switch handle for 
reversing polarity and an instrument with selector switch for 
indicating welding current and welding voltage. All controls are 
clearly labelled to facilitate rapid and accurate adjustment. 

All working parts of the machine are protected against 
damage from water or other foreign materials by completely drip- 
proof construction. The entire set is low-hung on a three- 
wheeled truck which provides portability and mechanical 
stability; the set may safely be tipped as much as 22 degrees 
from the vertical. 

This manufacturer has also announced a new heavily-coated 
arc-welding electrode for the economical production of high- 
speed, high-quality welds in the flat position. These “Type 
W-23” electrodes are suitable for either manual or automatic arc 
welding and will produce equally good results on either alter- 
nating or direct current. With the latter, reverse-polarity is 
used. 

These electrodes are recommended for pipe welding and other 
purposes.—General Electric Co., Schenectady, N. Y. 


Smoke Alarm Promotes Economy 


No. 142. A recently developed smoke alarm is a simplified 
indicating device for signaling the boiler fireman when smoke 
conditions in the stack become excessive. When smoke enters 
the stack, this alarm unit warns the fireman to check his com- 
bustion instruments instantly and adjust his drafts to insure 
maximum operating efficiency. 

It not only permits adherence to smoke abatement laws, but 
also eliminates fuel waste reflected by excessive smoke condi- 
tions. In the Rex Cole Building, New York City, a smoke alarm 
unit was installed in 1933 and during the unusually severe win- 
ter of 1933-34, the monthly fuel costs averaged 22 per cent less 
than during the previous winter. The original investment in this 
unit has been repaid several times during its first year of opera- 
tion in this building according to the manufacturer. 

The alarm is self-operating. A beam of light is focused through 
the smoke stack on to a sensitive “Photronic” photo-electric cell. 
This cell generates electricity in proportion to the amount of 


———| 
LIGHT SOURCE 
LIGHT COLLECTOR 
| MODE. 708 + HW 
RELAY p— ) 
: nil 
= A ‘| 
neve’ af SMORE STACK 
eocvt.k ac if conourT 
CONNEC TOR 
Ae ame on Se ee 


a SNL LIST 
on 
OStam aLusTAATING TYPCe, mNSTALLATION 


light which reaches it. Smoke reduces the intensity of the light 
on the cell and the corresponding loss in current generated per- 
mits a relay in the boiler room to operate an alarm or signal 
light. 

The complete alarm consists of a light collector, a light source, 
and a relay panel. The light collector, which contains a photo- 
electric cell, is mounted on the side of the stack. The visor on 
the front of the collector is hinged so that the glass covering the 
cell may be readily cleaned. The cell housing has a %4” conduit 
fitting so that the leads may be run to the relay panel through 
a conduit which will serve as a support for the unit—Weston 
Electrical Instrument Corp., Newark, N. J. 
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First Choice of Engineers 





BINKS 


Spray 


Cooling Towers 











BINKS Atmospheric Spray Cooling Towers—built in sizes from 6 to 
200 tons refrigeration capacity—as well as Indoor Forced Draft 
Cooling Towers up to 40 tons capacity, are now used extensively in 
connection with the rapid march of progress being made in the 
Air Conditioning field. 

BINKS offers a standardized complete shop constructed Tower (with 
full spray nozzle distribution) for almost every application, as will 
be evidenced by more than 3,000 Binks Cooling Towers now in 
operation. 

BINKS patented “ROTOJET" Clog-Proof Spray Nozzles likewise are 
contributing mightily to the increased Air Washing efficiency now 
in demand. 

The Binks line—recognized as being the most complete—includes 
spray and atomizing nozzles of advanced design for practically 
every industrial application. 

Valuable data on request. 

















ROTOJET Nozzles furnished in sizes from '/4” to 2'/2” pipe connections. 


( 








\ 
Bl 


3106 Carroll Ave. 


Nozzle with cap removed shows involute whirl chamber. 


A Few of the 3000 Binks Users \ 


Goodyear Tire & Rubber Co. 
Armour & Co. 
Swift & Co. 
Pure Oil Co. 
Firestone Tire & Rubber Co. 
Brown Shoe Company 
Coca Cola Bottling Co. 
Brewery Corp. of America 
Roosevelt Hotel Co. 
University of Michigan 
Red Top Malt Extract Co. 
Buda Company 
Georgia Power Co. 
East Ohio Gas Co. 
Sheffield Farms Co. 
Public Service Co. of Colo. 
Great Lakes Forge Co. 
Carrier Engineering Corp. 
First National Stores 
United States Gypsum Co 
Great Atlantic & Pacific Tea Co 


NKS MANUFACTURING CO. 
Chicago, Ill. 


Representatives in Principal Cities 








Manufacturers of Complete Water Cooling and Spray Painting 





and Finishing Systems 
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ALUMINUM BLOWER 
WHEELS 


Attractive appearance. 


Light weight minimizes power consumption. 
Wo protective finish necessary. 


Lower transportation costs because of light 
weight. 


Aluminum construction minimizes 
and wheel operates more quietly. 


resonance 


No rivet head or other projections on inlet face 


of wheel. 


Patented construction reduces manufacturing 
cost. 


tested to speed far in excess of 


Rugged design 
normal. 


Made from a special aluminum alloy having 
great strength. 


Approximately one-third weight of steel wheels. 


Low starting torque. 





Send for Bulletin showing dimensions for full range 
of sizes 3” to 15” diameter, also drawing with dimen- 
sions for housing scrolls. Capacity rating sheets now 


available. 











THE TORRINGTON MFG. CO. 


TORRINGTON, CONN., U. S. A. 
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Division of American Locomotive Company 
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Stethoscope Detects Gas Leaks 


No. 143. Principle involved in pocket size stethoscope for 
locating gas leaks is that a fluid escaping from a container sets 
up vibrations in the fluid within the container. The fluid then 
transmits the vibrations to the stethoscope which is attached to 
an opening in the container. The stethoscope chamber is so 





constructed as to collect and amplify these vibrations. The 
amplified vibrations are then transmitted to the ear through the 
rubber tubes and binaulars. 

In order to locate a leak of fluid from a pipe line system the 
li there is a leak it will 
The nearer the leak the louder it 
sounds. The smaller the pipe the further the sound will travel. 

E. R. Gilmore, 214 E. First St., Topeka, Kansas. 


stethoscope is attached to an opening. 
be heard as a hissing sound. 


Goggles Have Double Use 


No. 144. 
tures of chippers’ and welders’ types, eliminating need for chang- 
ing goggles. 


New eye protecting goggles combine protective fea- 


The upper view shows the goggles as used in weld- 





ing for protection against dangerous light rays, glare, etc., and 
the lower view for protection against impact, flying chips, etc.— 
Willson Products, Inc., Reading, Pa. 


Clip Type Gate Valve 
No. 145. A clip type gate valve with several new features has 
a round bonnet and differs essentially from the conventional style 


of clip gate valves. Round bonnet construction permits the use 
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IT’S THE 


INSIDE oF pire 
THAT COUNTS 


All pipe looks nice on the outside, but it’s 
not the outside surface that must do the 
work—it’s the inside that counts! 

In the exclusive, scientifically-controlled 
by which all Fretz- 
Moon Pipe is made, the skelp, or metal 


“continuous process,” 


ribbon, is carried through the furnace on 
water-cooled supports. Never once does it 
come in contact with the sand, scale or 
other foreign matter on the floor of the 
furnace. 

Thus, the inside surface of Fretz-Moon 
Pipe is as clean as the skelp from which it 
is made. All mill scale caused by heat is 
removed from the inside surface and blown 
from the pipe. Galvanized pipe is blown 
clean on the inside surface by superheated 
steam. 

Take a length of Fretz-Moon Pipe—large 
or small diameter—cut away the wall at 
any point and examine the inside surface. 
You'll find it as clean and practically as 
smooth as the outside. Write for literature. 


FRETZ-MOON TUBE CO., INC. 
BUTLER, PENNA. 
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relia- 
(backed 


50 years refrig- 


last word in 


and satisfaction 


Offers the 

bility 

by more than 

erating experience) for the fol- 
lowing services: 

Enclosed Freon 

Compressor 





Air Conditioning 
Cooling Drinking Water 


Industrial Process Work 






Low Pressure 
nits 


Food Service 





| Quick Freezing 
Cold Storage 
Marine Refrigeration 


Research Work 









Transportation 


Ice Making 





Special Applications 







Let us show you profit making 
of Frick Equip- 


services. 


installations 





f 
e _—- 


Carbon- Dioxide 
Machine 


ment for all these 


And get figures now on Frick 
cool- 


compressors, condensers, 





ers, coils, or controls. 


VOALNWAL OS 


WF Odd et eee Th S.A. Nak (Gomypamy 


ICE MACHINERY SUPERIOR SINCE TY SUPERIOR BINGE 1887. 





Branches and Distributors in Principal Cities Throughout 


the World 
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MUNDET CORK 


“Carries on” into 
AIR CONDITIONING 


The same MUNDET “Jointite” CORK- 
BOARD INSULATION and CORK PIPE 
COVERING, together with MUNDET 
CONTRACT ERECTION SERVICE, that 
have for years been standard equipment 
in cold storage and ice plants, are avail- 
able for the AIR CONDITIONING IN. 
DUSTRY. 


the serv- 





Thinner sections, of course 
ices are not so severe—but the same high 
quality and low transmission coefficient 
per inch of thickness that have put and 
kept Mundet cork insulation on the job 


all over the world. 


“Keep the B. T. U.’s where they 
belong with Mundet cork insulation ”’ 


MUNDET NATURAL CORK ISOLA- 
TION MATS, for machine vibration, will 
solve another problem that confronts the 


Air Conditioning field. 


See our new 1935 catalogue in Sweet's 
Architectural Catalogue, or send for one 
direct. It is a compendium of real infor- 
mation on low temperature insulation and 


vibration isolation. 


MUNDET CORK 
CORPORATION 


450 SEVENTH AVENUE 
NEW YORK, N. Y. 


Branches in Principal Cities of U. S. and Canada 
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of a male and female joint with asbestos gasket assuring tight- 
ness, states the maker. ’ 
A full U-bolt is used to hold the bonnet joint tight. When the 
nuts on these bolts are tightened, pressure is equalized on both 
sides. Three set of guides on the body and two solid eye lugs on 
the bonnet hold the U-bolt and eliminate possibilty of slipping. 
Among internal features are the full thickness I-beam cast 

















wedge which brings sturdiness to the valve seat and permits the 
use of full size body guides to assure correct seating. A horse- 
shoe connection is used to assemble the spindle and wedge, pro- 
viding great strength and lifting surface. Guide slots in the 
wedge are machined. 

The valves are made in all-iron and bronze mounted con- 
struction.—Reading-Pratt & Cady Co., Inc., Bridgeport, Conn. 


Acid-Proof. Rubber Covering Applied to Fans 


No. 146. The practicability of utilizing acid-proof rubber cov- 
ering to eliminate destructive corrosion is exemplified in the ac- 
companying illustration showing large exhaust fan units recently 
rubber covered. 

This covering is a specially-developed acid-proof rubber com- 





pound applied by a perfected process to the metal surfaces of the 
fan unit. 

The process of uniting rubber to metal holds the rubber cover- 
ing in place so tenaciously that after vulcanization, the cover can- 
not be removed without tearing and destroying it, says the maker. 
—The Manhattan Rubber Mfg. Division, Passaic, N. J. 
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Comprehensive information 
for architects and engineers in 
handling Cooling problems is 
now available in our new 
bulletin describing Aerofin 
Standardized Light Weight Fan 
System Cooling Surface. 

Send for your copy” today. 
Ask for Aerofin Cooling 
Bulletin DE-34; Address Main 
Office Newark or any branch 
office or Aerofin Distributor. 

RES OO 6 
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Multi-Speed 
Motors 
for fans 
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ICTURED above is a Wag- 

ner multi-speed motor driving 
a forced-draft fan in the boiler 
house of a large drug company. It 
is a 25/11/6.2 horsepower, 1725/ 
1140/860 rpm variable-torque type 
MRP-1 motor. 


When it’s a multi-speed motor 
application — consult Wagner. 2- 
speed, 3-speed, or 4-speed—con- 
stant - torque, constant - horse - 
power, or variable-torque — open 
frame, drip-proof, or totally-en- 
closed fan-cooled — horizontal or 
vertical — sleeve or rolling bear- 
ing — % or 125 hp—whatever 
the motor requirement may be, 
there’s a Wagner multi - speed 
motor designed and built for the 
job. 

The motor illustrated above as 
well as other types of Wagner 
multi-speed motors, is described 
in Bulletin 174. Ask for a copy. 


WAGNER ELECTRIC CORP. 


6400 Plymouth Ave., St. Louis, U.S.A. 
MOTORS TRANSFORMERS FANS BRAKES 





literature on 


multi-speed 


WAGNER ELECTRIC CORPORATION, 
6400 Plymouth Ave., St. Louis, U.S. A. 


Please send Name and Position 





motors. 
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Improvements 





Simple and Inexpensive 


Motor-Unit Centrifugal Pumps—simple 
as A.B.C., and therefore exceptionally 
low priced. Pump attached directly 
to motor, with pump bearings, base 
and coupling eliminated. No pump 
lubrication required. Very compact. 
Suitable for handling anything that 
flows from clear water to heavy li- 
quids. Fifteen sizes; 5 to over 500 
Bulletin 401. 





g. p. m, 


New and Economical 






Redi-Return Condensation Units— 
compact, dependable and inexpen- 
sive. Designed to automatically col- 
lect and pump back to boiler the re- 
turns from heating system, handling 
water at 210° F. Consists of pump, 
welded steel tank and float switch. 
Pressures up to 100 pounds. Bulletin 
426. 


Write for Bulletins or any other 
information desired. AMERICAN 
STEAM PUMP COMPANY, Battle 
Greek, BGIGRIGOM. «ccc ceces 


AMERICAN-MARSH 


Centrifugal and Steam Pumps 















“I make more money when 
I put in Reading GPWI* 
Pipe Sam, and my cus- 
tomers save more at that.” 


“Not a bad idea at 
all, Henry, guess 
I'll do the same.” 








*GPWI — Genuine 
Puddled Wrought Iron 






For complete infor- 
mation, write 











READING IRON COMPANY 


PrHILADELPSRHIA 


SCIENCE AND INVENTION HAVE NEVER FOUND A SATISFACTORY SUBSTITUTE FOR GENUINE PUDDLED WROUGHT IRON 
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Electric Flow Meter 


No. 147. The electric flow meter illustrated here is distin- 
guished by the fact that the power for the operation of pointer, 
pen and integrator is the same throughout the entire range of 
measurement. The pressure differential caused by flow through 
the orifice or nozzle is not required to move the registering 
mechanism, which is done instead by external power from an 
electric motor, the application of this power being controlled by 
a sensitive relay. 

Flow through the pipe line causes a float carrying a soft iron 
armature and resting on the mercury in a U-tube to be displaced 


pam COS 0698 





a certain distance and this displacement is balanced electrically 
by shifting a similar armature in the recorder, the two arma- 
tures being surrounded by the inductance coils of a bridge circuit 
traversed by an alternating electric current. Unbalance of the 
circuit deflects the boom of a sensitive galvanometer, which di- 
rects the application of power to shift the recorder armature un- 
til the galvanometer boom returns to neutral. The value re- 
corded is that at which balance is attained, regardless of the 
direction from which the value has been approached and there is 
no lag caused by friction or other non-reversible forces. The 
circuits and galvanometer are so proportioned that a displace- 
ment of the transmitter armature of less than 0.001 in. causes the 
galvanometer boom to deflect and is, therefore, registered by the 
recorder, corresponding in the usual installation to but 0.01 of 
one per cent change in rate of flow at mid-scale—Cochrane 


Corp., Philadelphia, Pa. 


Multiple-Point Recording 


Reading of multiple-point instrument records is sim- 
This marking 


No. 148. 
plified by a new system of “numerals in colors.” 
system can be specified on “Micromax” strip-chart recorders for 
2, 3, 4 or 6 points. With each of the thermocouples, resistance 
thermometer bulbs or other primary elements identified on the 
chart by a numeral, and each numeral distinguished from the 
others by being printed in a contrasting color, reading of records 
is made easy, errors are avoided and time is saved. Colors used 
for printing the numerals are: black, green, red, violet, yellow 
and _ bltre: 

The: print-wheel on these multiple-point recorders has a sepa- 
rate tiking pad for each point to be recorded.—Leeds & North- 
rup Co., Philadelphia, Pa. 


















Having Trouble 
Directing Air 
| G 


rculation ? 
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| 





y Patent 


Pending 


INDEPENDENT 
“Fabrikated’ 
Adjustable Directed Air Flow 


- REGISTERS . 


will remedy the situation positively and 
| accurately. Grille bars, any part or all 
| of them, can be adjusted to direct the 
air to any angle to 45 degrees. 


Write for New Catalog 


| INDEPENDENT REGISTER 


| & Mfg. Co. 
3757 E. 93rd St. Cleveland, Ohio 
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PERSONAL 


The heating specialist whose profit on 
radiator air and vacuum valves has been 
merely moderate, can learn something to his 
advantage by stocking and selling Dole 
Valves. Five profit points on this complete 
line of air and vacuum valves lead the way 
to more valves per order, and more margin 
per sale. Advertising in the special fields 
where better volume can be expected has in- 
tensified consumer acceptance. A fine record 
of past performance and precision under all 
conditions has built a prestige of definite 
sales value. Write for the five points of 


Dole Profit. 


THE DOLE VALVE COMPANY 
1901-1933 Carroll Avenue 
Chicago, Illinois 
Manufacturers of Dole Air and Vacuum Valves for 
one-pipe steam systems. 
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Carbondale Freon Refrigeration Equip- 
ment for Air Conditioning in Agricultural 
Extensible Building in Washington, D. C. 


Just one example of a complete 
engineering, equipment, and in- 
stallation service, for any air con- 
ditioning requirement... and for 
EVERY TYPE OF REFRIGERATION 


4 CARBONDALE MACHINE CORPORATION 
HARRISON, NEW JERSEY 


AR-352 





Air Conditioning 
Controls 


When it comes to controls for air conditioning equipment, 
where can you secure better help than that available from 
air conditioning control specialists? For ten years, ALCO 
Valves have been the outstanding favorites with leading re- 
frigeration engineers—and used in the majority of refrigerat- 
ing installations for the control of gaseous and liquid 
refrigerants, water and brine. 


There are accurately built ALCO Valves for every specific 
requirement—capacities from fractional tonnage to 60 tons 
of refrigeration per valve. Alco is fast on its way to the 
same leadership in the air conditioning field that it enjoys 


in allied fields. 


Let the ALCO engineering staff work with you on 
your designing, installing and operating problems. 
Helpful bulletins gladly sent on request. 


ALCO VALVE Co., INC. 


2622 St. Louis, 
Big Bend Blvd. Missouri 
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P COOLING AND CONDITIONING 


WITTENMEIER, a name associated with Refrigeration 
in all its phases and applications for over 35 years, offers 
complete Air Conditioning and Refrigerating Systems for 
industrial processes and bodily comfort, either in Central 
or Unit Systems from 4 ton capacity up. 


Refrigerants: CO.—Freon—Ammonia—Methyl Chloride 
—Steam—Water Vapor. 


The Carbonic System, pioneered and developed by Witten- 
meier, is classified as the safest of all present day methods. 
Why sacrifice Safety and Reliability for the extravagant claims 
and doubtful economies advanced for untried and unproven 
methods? In the face of these extravagant claims, Witten- 
meier, during the season just passed, in the Chicago Area alone, 
installed fifteen theatre cooling jobs and in each instance, a 
Carbonic (CO,) Installation was made. The theatres ranged 
in size from 400 to 2,000 seats. 


Whether you are interested in conditioning a single room, 
office, shop, restaurant, bank, theatre, auditorium or large 
office building. there is a Wittenmeier System best suited for 
the purpose. 

Let us make a survey of your requirements and give you our 
unbiased opinion of the system best suited for your needs. 
There is no obligation. Wittenmeier, with Air Cooling and 
Conditioning Experience that dates back to 1908, can offer 
helpful suggestions. Architects, Engineers, Contractors and 
others should avail themselves of this service. 


After all, there is no substitute for Experience. 


WITTENMEIER MACHINERY COMPANY 
Rir Conditioning Engineers 
Contractors - Manufacturers 


850-860 N. Spaulding Avenue, Chicago, III. 
103 Park Avenue 
New York, N. Y. 


H. J. Kelly Wittenmeier Machinery Co. 
New Orleans, La. Columbus, Ohio 


Wittenmeler Mach’y Co. of Canada, Limited 
Hamilton, Ontario 


Wittenmeier Continuously Since 1897 


American Refrigerating Co. 
Detroit, Michigan 





GET THIS BOOK ON 


They make every spot in the plant easy to heat — 


In every plant there are hard-to-heat places. Isolated 
rooms, floors or buildings, remote corners, spots that were 
disregarded when the original system was _ installed. 
Chromalox Unit Heaters are a quick and easy cure for 
this condition. 

Often, too, it is economical to use 
them for heating certain offices when 

the production department is not 
ELECTRIC HEAT sneielhaa—anedeende and holidays. 
With boiler fires banked, Chromalox 
Electric Unit Heaters will maintain 
the desired temperature automatically. 

Get the facts—send in the coupon 
below with your business letterhead. 
eeeeeeeee @e 


EDWIN L. WIEGAND CO., 
7610 Thomas Blvd., Pittsburgh, Pa. 

Send me the new 60-page CHROMALOX book 
I wish to heat... ccccccccccscccccsesecsccsesees 
Name ......... 
PCT TTT TTT TT Titi et 
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Indicating Relative Humidity Controller 


No. 149. Accuracy of a membrane 
type humidity recorder is combined in 
a new instrument with “Rotax” type 
contacts to form an electrically-operated 
humidity controller that will give accu- 
rate control throughout its entire life, 
according to the maker. 

The controller can be located con- 
veniently wherever electric current is 
available. It maintains humidity by 
operating 
valves on water, air or steam lines. The 


solenoid valves and motor 
relay set required to accomplish this is 
located inside the case. It can be used 
to operate unit heaters, control dampers, 
air washers and other air conditioning 
apparatus. The shape of the case is 
such that minimum space is required 
for mounting. 

Standard contacts are used in this in- 
strument. The range is 0-100 per cent 
relative humidity and it is designed for 
use between +10 F to +120 F. 

Room or duct temperature controllers 





can be furnished also in the same style 
case for any industrial application. Interlocking electrical cir- 
cuits can be furnished when required.—The Foxboro Co., Fox- 


boro, Mass. 


New Centrifugal Pump 


No. 150. A compact, close-coupled ceatrifugal pump of high 
efficiency with capacities ranging from 100 to 600 gpm against 
heads up to 189 ft is ideal for circulating and cooling systems, 
standpipe and water supply systems in factories, warehouses, 
apartment buildings, homes, hotels, hospitals, office buildings and 








for transferring all reasonably clear industrial liquids, states the 
maker. The pump and 
motor are built together as one unit with a single shaft. The 
enclosed type impeller is keyed to the motor shaft, which extends 


It is a single-stage, end-suction pump. 


into the pump casing. There is only the one moving part.—Chi- 


cago Pump Co., Chicago, III. 


New Type of Suction Hose 

No. 151. A new type of suction hose which has a woven 
tubular re-inforcement of strong cabled cotton cords and wire, 
making a strong but light hose which will not collapse, has re- 
cently been developed. 

This new hose has a smooth long life lining of specially com 
pounded rubber and offering mimimum frictional resistance to 
flow. Another advantage of this hose is that if it should acci- 
dentally be crushed, it can be quickly restored to shape by use 
of a vise or mallet—Electric Hose and Rubber Company, Wil- 
mington, Delaware. 
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Recent Trade Literature 








For your convenience in obtaining copies 
of bulletins, see coupon on this page 


No. 241. Expansion Loops: Tube-Turns, Inc., 405 Herald- 
Post Bldg., Louisville, Ky. 8 page booklet 
of engineering and design data for simplified design of expan- 





with large chart— 


sion loops using “Tube-Turns” and straight lengths of pipe or 
tubing. Chart is based on modern bending theory. Suitable 
loops designed by varying lengths of pipe at top of loop or 
of the side legs, depending upon construction limitations. 

No. 242. Gages: The Hays Corp., P. O. Box 299, Michigan 
City, Ind. 2 page bulletin describing line of electric contact 
gages for indicating and controlling draft, pressure, and differen- 
tial draft or pressure. Uses include controlling static pressure 
in air distribution ducts; operation of dampers to maintain proper 
air flow through branches of a zone system; indication and con- 
trol of abnormal resistance through air filters, dust collection 
systems, refrigerating coils, etc. 

No. 243. Ignition Transformers: General Electric Co., Schen- 
ectady, N. Y. Data sheet for oil burner ignition transformers, 
giving detailed description, ratings, etc. 

No. 244. Insulation: Johns-Manville, 22 E. 40th St., New 
York City. 12 page booklet on industrial roofs, including a 
discussion of roof insulation and its effect in reducing fuel costs, 
preventing condensation, and improving working conditions. 

No. 245. Mechanical Rubber Goods: New York Belting and 
Packing Company, 1 Market St., Passaic, N. J. 96 page catalog 
of belting, hose, packings, and miscellaneous mechanical rubber 
goods including complete information on the products, helpful 
tables, drawings, formulas, and general information. 

No. 246. Motors: Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
4 page leaflet describing new “Seal-Clad” induction motor with 
protected windings built in ratings up to 25 hp, 1800 rpm, ball 
or sleeve bearings. 

No. 247. Noise and Vibration Control: Cork Insulation Co., 
Inc., 155 E. 44th St., New York City. Data sheet on isolation 
corkboard, a material developed for the control and elimination 
of noise and vibration and having a greater density than ordi- 
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FOR YOUR CONVENIENCE 


Heating, Piping and Air Conditioning, 
6 N. Michigan Ave., 
Chicago, II. 

Please ask the manufacturer to send me more informa- 
tion about the equipment mentioned under the following 
reference numbers in “Interesting Equipment Developments” 
and “Recent Trade Literature.” (Check numbers in which 
you are interested) : 
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nary corkboard ito withstand machinery loads. Uses and _ in- 
stallation are discussed briefly 

No. 248. Pipe Thawing Hobart Brothers, Troy, N. Y. 
Looseleaf mimeographed bulletin on thawing pipes by means of 
the Hobart arc welder containing complete discussion of the 
method and numerous “case studies” with diagrams, costs, ete. 
(Available without charge to those interested in this company’s 
new 40 volt arc welders, 40c to others). 
Pumps: 


4 page bulletin on centrifugal pumps, single stage 


No. 249. 
rison, N. J. 


Worthington Pump & Mchry. Corp., Har 


volute type. 

No. 250. Valves: 
New York City. 
with sizes, dimensions, and other data. 

No. 251. Water Vapor 
Broadway, New York City. 
completely centrifugal water vapor refrigeration, including a de- 


The Fairbanks Co., 396 LaFayette St., 
6 page folder describing renewable gate valves, 
Refrigeration: Ingersoll-Rand, 11 
24 page booklet discussing very 


scription of the development of this type of machine, the prob- 
lems involved, experimental units and tests, commercial units, 
applications, characteristics, etc. 

No. 252. Welding: General Electric Co., Schenectady, N. Y. 
12 page bulletin devoted to detailed description of G-E self- 
stabilized, single-operator arc welders. Also, 16 page booklet 
on welding eiectrodes and accessories, discussing in informative 
manner the choice of the proper electrode for successful weld 
ing, each type being considered in separate section. 





CLASSIFIED ADVERTISING 


8 cents for each word including heading and address. Count nine words for keyed address. 


Minimum $2.00 for each insertion. 


One inch $4.00. 
Copy must be in our hands by the twenty-fifth of the month previous to issue. 


Cash must accompany order. 











SITUATIONS OPEN | 








LARGE MANUFACTURER OF 

blast heaters, used in connection with 
ventilation and air conditioning equip- 
ment, desires eastern representative. One 
who has had blower equipment experience 
State age, 
past experience and salary desired. Give 
full particulars. Address Key 242-A, 
“Heating, Piping and Air Conditioning,” 
6 North Michigan Avenue, Chicago, IIli- 


preferred but not essential. 





PRODUCTION ENGINEER AND 

SUPERINTENDENT wanted for 
factory making valves and other heating 
equipment. Man with technical train- 
ing and machine shop experience essen- 
tial. Must have organizing ability. 
State fullest details. Address Key 244- 


\, “Heating, Piping and Air Condition- yom 





Use This Page 
To Get 
What You Want Highly successful manufacturer's representative, cov- 


— 


If you are looking for com- 
petent employes; or if you 
contemplate a change in po- 
sition; have a patent for 
sale; second-hand machinery 
nois. or tools; form a co-partner- 
ship, etc., your advertisement 
on this page will put you in 
touch with the people you 
desire to reach. 


The cost of 
only eight cents a word and 
may mean many dollars to 





ng,” 6 North Michigan Avenue, Chi- 
‘ago, Illinois. 














| SITUATIONS WANTED 





Representation New York City 


ering 50 miles radius from New York City, with 
engineering office in best location, desires additional 
first cluss account on a commission basis. 


ADDRESS KEY 243-A, 


| “Heating, Piping and Air Conditloning,”’ 
6 North Michigan Avenue, Chicago 











MISCELLANEOUS 











ror SEAMLESS 


RECEIVERS 


insertion is 
STEAM TRAF 


TEAM TRA COPPER 
si FLOATS 


Naugatuck Mfg. Ce., Union City, Conn, 
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